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(57) A liquid crystal display device that displays an

image by inputting n (n is a natural number) bit digital

signals has n memory circuits in each pixel. The n mem-

ory circuits store n bit digital signals, which are convert-

ed into corresponding analog signals by a D/A converter

provided in each pixel so that the analog signals are in-

putted to a liquid crystal element. Therefore, when a still

image is to be displayed, the stored digital signals are

repeatedly used once the digital signals are written in

the memory circuits. During the still image is displayed,

a source signal line driving circuit and other circuits can

stop their driving. Power consumption of the liquid crys-

tal display device thus can be reduced.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention 5

[0001] The present invention relates to a semiconduc-

tor display device (hereinafter referred to as display de-

vice), specifically, an active matrix display device having

a thin film transistor that is fomned on an insulator. More io

specifically, the invention relates to an active matrix liq-

uid crystal display device that uses a digital signal as a

video signal. The invention also relates to a portable in-

formation device employing this display device. Specific

examples of the portable infomriation device include a '5

cellular phone, a PDA (Personal Digital Assistants), a

portable personal computer, a portable navigation sys-

tem, and an electronic book each comprised of the ac-

tive matrix liquid crystal display device.

20

2. Description of the Related Art

[0002] Display devices having a semiconductor thin

film fonned on an insulator, a glass substrate, in partic-

ular, have gained a distinct popularity in recent years, 25

and active matrix display devices employing a thin film

transistors (hereinafter referred to as TFT) are especial-

ly popular among those display devices. Any of the ac-

tive matrix display devices employing a TFT has from

several ten thousands of TFTs to several millions of 30

TFTs arranged Into matrix and controls electric charges

of pixels to display an image.

[0003] A technique that is being developed lately re-

lates to a polysllicon TFT for simultaneously forming a

pixel TFT and a driving circuit TFT. The pixel TFT is a 35

TFT constituting a pixel, and the driving circuit TFT is a

TFT constituting a driving circuit that is provided in the

periphery of a pixel portion. The technique is a great

contribution to reduction in size and reduction in power

consumption of the liquid crystal display devices. Owing 40

to the development of this technique, the liquid crystal

display devices are becoming indispensable devices

for, e.g., display units of mobile machines, which lately

find their application in increasingly larger fields.

[0004] Fig. 1 3 shows a schematic diagram of an ordi- ^5

nary liquid crystal display device driven by a digital

method. A pixel portion 1308 is placed in the center.

Above the pixel portion, a source signal line driving cir-

cuit 1301 is arranged to control source signal lines. The

source signal line driving circuit 1301 has shift register so

circuits 1303, first latch circuits 1304, second latch cir-

cuits 1305, D/A converter circuits (D/A converters (also

called DAC)) 1306, analog switches 1307, etc. Gate sig-

nal line driving circuits 1302 for controlling gate signal

lines are arranged to the left and right of the pixel per- 55

tion. Although the gate signal line driving circuits 1302

are provided on both sides of the pixel portion in Fig. 13,

only one gate signal line driving circuit may be provided

to the left or right of the pixel portion. However, it is de-

sirable to place the gate signal tine driving circuit on

each side of the pixel portion from the viewpoint of driv-

ing efficiency and driving reliability.

[0005] The source signal line driving circuit 1301 has

a structure as the one shown in Fig. 14. The driving cir-

cuit shown in Fig. 14 as an example is a source signal

line driving circuit with a horizontal resolution of 1024

pixels for 3 bit digital gray scale signals. The driving cir-

cuit includes shift register circuits (SR) 1401, first latch

circuits (LAT1) 1402, second latch circuits (LAT2) 1403,

D/A converter circuits (D/A) 1404, etc. Though not

shown in Fig. 14, the driving circuit may have a buffer

circuit, a level shifter circuit and the like if necessary.

[0006] Referring to Figs. 13 and 14, the operation of

the device will be explained briefly. First, clock signals

(S-CLK, S-CLKb) and start pulses (S-SP) are inputted

to the shift register circuits 1303 (denoted by SR in Fig.

14) and pulses are outputted sequentially. The pulses

are then inputted to the first latch circuits 1 304 (denoted

by LAT1 in Fig. 14) so that digital signals (digital data)

also inputted to the first latch circuits 1304 are held

therein respectively. Here, D1 is the most significant bit

(MSB) whereas D3 is the least significant bit (LSB).

When the first latch circuits 1304 complete holding dig-

ital signals con-esponding to one horizontal period, the

digital signals held in the first latch circuits 1304 are

transferred to the second latch circuits 1305 (denoted

by LAT2 in Fig. 14) all at once in response to input of

latch signals (latch pulses) during the retrace period.

[0007] Thereafter, the shift register circuits 1303

again operates to start holding digital signals corre-

sponding to the next one horizontal period. At the same

time, the digital signals held in the second latch circuits

1305 are converted into analog signals by the D/A con-

verters 1306 (denoted by D/A in Fig. 14). The analog

signals are written in pixels through source signal lines.

An image is displayed by repeating this operation.

[0008] Now, a portable infomnation device employing

the above conventional liquid crystal display device will

be described.

[0009] The description of the portable infonnation de-

vice is given taking as an example a portable information

terminal. Fig. 34 shows a block diagram of a conven-

tional portable infonnation temninal. The portable infor-

mation temninal is intended to provide a user with de-

sired infonmation in accordance with the user's needs.

The information to be provided includes data stored in

memory devices (such as a DRAM 1509 and a flash

memory 1 51 0) in the portable infonnation temiinal, data

stored in a memory card 1503 that is to be inserted to

the portable information temninal, data obtained by con-

necting the portable infonnation temninal to external

equipment through an external interface port 1505, and

like other data. The infonnation is processed by a CPU
1506 upon receiving command inputted by the user via

a pen touch tablet 1501 so that a liquid crystal display

device 1513 displays the information.
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[0010] Specifically, signals inputted through the pen

touch tablet 1 501 are detected by a detector circuit 1 502

and then inputted to a tablet interface 1518. The inputted

signals are processed by the tablet interface 1518 and

the processed signals are inputted to a video signal in- 5

put circuit 1507 and other circuits. The CPU 1506 proc-

esses necessary data, and the processed data is con-

verted into image data based on an image format that

is stored in a VRAM 1511. The image data is sent to an

LCD controller 1 51 2, which generates signals for driving

the liquid crystal display device 1513. The display de-

vice is thus driven to display the infonnation.

[001 1] A cellular phone is taken as another example

to describe the portable infonnation device. Fig. 35

shows a block diagram of a conventional cellular phone.

The cellular phone is composed of a transmission/re-

ception circuit 1615 for transmitting and receiving radio

wave, an audio processing circuit 1602 for processing

signals received, a speaker 1614, a microphone 1608,

a keyboard 1 601 for inputting data, a keyboard interface

1618 for processing signals inputted through the key-

board 1601, etc.

[00121 Upon receiving command inputted by a user

through the keyboard, a CPU 1606 processes infonna-

tion so that a liquid crystal display device 1613 displays

the infomnation. The infonnation may be data stored in

memory devices (such as a DRAM 1 609 and a flash

memory 1610), data stored in a memory card 1603 that

is to be inserted to the cellular phone, data obtained by

connecting the cellular phone to external equipment

through an external interface port 1605, and like other

data.

[0013] Specifically, signals inputted through the key-

board 1 601 are processed by a keyboard interface 1618

and the processed signals are inputted to video signal

processing circuit 1607 and other circuits. The CPU
1 606 processes necessary data and the processed data

is converted into image data on the basis of an image

format stored in a VRAM (Video RAM) 1611. The image

data is sent to an LCD controller 1612, which generates

signals for driving the liquid crystal display device 1613.

The display device is thus driven to display the Infomna-

tion.

[0014] An example of the structure of the transmis-

sion/reception circuit 1615 is shown in Fig. 26.

[0015] The transmission/reception circuit 1615 in-

cludes an antenna 2662, filters 2663, 2667, 2668, 2672,

and 2676, a switch 2664, amplifiers 2665, 2666, and

2677, a first frequency converter circuit 2669, a second

frequency converter circuit 2673, a frequency converter

circuit 2671 , oscillation circuits 2670 and 2674, an AC/

DC converter 2675, a data demodulation circuit 2678,

and a data modulation circuit 2679.

[0016] In a general active matrix liquid crystal display

device, screen display is updated about sixty times for

every second in order to display animation smoothly. In

other words, it is necessary to supply digital signals for

every new frame and the signals have to be written in

pixels each time. Even when the image to be displayed

is a still image, the same signals have to be kept sup-

plied for every new frame and an external circuit, a driv-

ing circuit and the like have to process the same digital

signals repeatedly and continuously.

[001 7] An alternative method is to write digital signals

of the still Image in an external memory circuit once and

then supply the digital signals from the external memory

circuit to the liquid crystal display device each time a

new frame is started. However, the alternative method

is not different from the above method in that the exter-

nal memory circuit and the driving circuit of the display

device are required continuing to operate.

[001 8] In the conventional portable infonnation device

also, data of the same image have to be sent to the dis-

play device incorporated in the portable information de-

vice sixty times for every second in order to display any

image on the display device, even if it is a still image.

To explain this referring to the drawings, the circuits sur-

rounded by the dotted lines in Fig. 34 must continue to

operate as long as the image is being displayed (the cir-

cuits are: the video signal processing circuit 1 507 in the

CPU 1506; the VRAM 1511; the LCD controller 1512;

the source signal line driving circuit and the gate signal

line driving circuit of the liquid crystal display device

1513; the pen touch tablet 1501; the detector circuit

1502; and the tablet interface 151 8). In the case of Fig.

35, the circuits surrounded by the dotted lines in Fig. 35

must continue to operate as long as the image is being

displayed (the circuits are: the video signal processing

circuit 1 607 in the CPU 1 606; the VRAM 1 61 1 ; the LCD

controller 1612; the source signal line driving circuit and

the gate signal line driving circuit of the liquid crystal dis-

play device 1613; the keyboard 1601 ; and the keyboard

interface 1618).

[0019] Passive matrix display devices have only a

small number pixels, and some of them can stop oper-

ation of their VRAM during a still image is displayed by

incorporating memory circuits in their driving ICs or con-

trollers. However, incorporating a memory circuit in a

driving or a controller is unpractical for a display device

that uses a large number of pixels, such as an active

matrix liquid crystal display device, from the viewpoint

of chip size. Many circuits thus have to continue oper-

ating in a portable infonnation device of prior art even

when a still image is displayed, thereby forming an ob-

stacle to reduction in power consumption.

[0020] Reduction In power consumption is greatly de-

manded in mobile machines. Despite the fact that mo-

bile machines are used mostly in a still image mode,

driving circuits of the mobile machines continue to op-

erate during still image display as described above.

Therefore, reducing power consumption is hindered.

SUMMARY OF THE INVENTION

[0021] The present invention has been made in view

of the above problems, and an object of the present in-
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vention is therefore to reduce power consumption in a

driving circuit and other circuits while a still image is dis-

played.

[0022] In orderto attain the object above, the present

invention uses the following measures.

[0023] A plurality of memory circuits are provided in

each pixel so that digital signals are stored for each pix-

el. In the case of displaying a still Image, infomiation to

be written into a pixel is the same once signals are writ-

ten. Therefore, the still image can be continuously dis-

played by reading out the signals stored in the memory

circuits instead of inputting the signals each time a new

frame is started. This means that, if a still image is to be

displayed, a source signal line driving circuit, a video

signal processing circuit and other circuits can stop their

operation once they finish processing signals core-

sponding to at least one frame. This makes it possible

to reduce power consumption greatly.

[0024] The structures of a liquid crystal display device

and a portable information device having the liquid crys-

tal display device of the present invention will be de-

scribed hereinbelow.

[0025] According to the present invention, there is

provided a liquid crystal display device having pixels,

characterized in that the pixels each have a plurality of

memory circuits and a D/A converter.

[0026] According to the present invention, there is

provided a liquid crystal display device having pixels,

characterized in that the pixels each have n (n is a nat-

ural number equal to or greater than 2) memory circuits

and a D/A converter for converting digital signals stored

in the n memory circuits into analog signals.

[0027] According to the present invention, there is

provided a liquid crystal display device having pixels, the

pixels each having a liquid crystal element to which an-

alog signals are inputted, characterized in that the pixels

each have n (n is a natural number equal to or greater

than 2) memory circuits and a D/A converter for convert-

ing digital signals stored in the n memory circuits into

the analog signals.

[0028] According to the present invention, there is

provided a liquid crystal display device having pixels,

characterized in that the pixels each have n x m (n and

m are both natural numbers equal to or greater than 2)

memory circuits and a D/A converter for converting n bit

digital signals stored in the n x m memory circuits into

analog signals.

[0029] According to the present invention, there is

provided a liquid crystal display device having pixels,

characterized in that in a method of driving the liquid

crystal device having pixels, the pixels each have n x m
(n and m are both natural numbers equal to or greater

than 2) memory circuits and a D/A converter for convert-

ing n bit digital signals stored in the n x m memory cir-

cuits into analog signals, and each of the pixels stores

digital signals corresponding to m frames.

[0030] According to the present invention, a liquid

crystal display device may have a feature such that a

source signal line is provided, and the memory circuits

and the D/A converter are arranged so as to overlap the

source signal line.

[0031] According to the present invention, a liquid

crystal display device may have a feature such that a

gate signal line is provided, and the memory circuits and

the D/A converter are an-anged so as to overlap the gate

signal line.

[0032] According to the present invention, there is

provided a liquid crystal display device having pixels, the

pixels each having a liquid crystal element, character-

ized in that: the pixels each have a source signal line, n

(n is a natural number equal to or greater than 2) gate

signal lines, n TFTs, n memory circuits, and a D/A con-

verter; the n TFTs have gate electrodes each connected

to one of the n gate signal lines, and each of the n TFTs

has a source region and a drain region one of which is

connected to the source signal line and the other of

which is connected to an input temninal of one of the n

memory circuits; an output terminal of each of the n

memory circuits is connected to an input terminal of the

D/A converter; and an output tenninal of the D/A con-

verter is connected to the liquid crystal element.

[0033] According to the present invention, there is

provided a liquid crystal display device having pixels, the

pixels each having a liquid crystal element, character-

ized in that: the pixels each have n (n is a natural number

equal to or greater than 2) source signal lines, a gate

signal line, n TFTs, n memory circuits, and a D/A con-

verter; the n TFTs have gate electrodes connected to

the gate signal line, and each of the n TFTs has a source

region and a drain region one of which is connected to

one of the n source signal lines and the other of which

is connected to an Input tenninal of one of the n memory

circuits; an output tenninal of each of the n memory cir-

cuits is connected to an input temninal of the D/A con-

verter; and an output tenninal of the D/A converter is

connected to the liquid crystal element.

[0034] A liquid crystal display device of the present

invention may be a liquid crystal display device, charac-

terized in that a source signal line driving circuit is pro-

vided, and the source signal line driving circuit includes

shift registers, first latch circuits, second latch circuits,

and switches, the first latch circuits holding n bit digital

signals upon receiving sampling pulses from the shift

registers until the n bit digital signals are transferred to

the second latch circuits, the switches selecting the n bit

digital signals that have been transferred to the second

latch circuits one bit at a time to input the selected sig-

nals into the source signal line.

[0035] A liquid crystal display device of the present

invention may be a liquid crystal display device, charac-

terized in that a source signal line driving circuit is pro-

vided, and the source signal line driving circuit includes

shift registers, first latch circuits, and second latch cir-

cuits, the first latch circuits holding 1 bit digital signals

upon receiving sampling pulses from the shift registers

until the 1 bit digital signals are transferred to the second

w
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latch circuits.

[0036] A liquid crystal display device of the present

Invention may be a liquid crystal display device, charac-

terized in that a source signal line driving circuit is pro-

vided, and the source signal line driving circuit includes

shift registers and first latch circuits, the first latch cir-

cuits holding n bit digital signals upon receiving sam-

pling pulses from the shift registers.

[0037] A liquid crystal display device of the present

invention may be a liquid crystal display device, charac-

terized in that a source signal line driving circuit is pro-

vided, and the source signal line driving circuit includes

shift registers, first latch circuits, and n switches, the first

latch circuits holding n bit digital signals upon receiving

sampling pulses from the shift registers, the n switches

inputting the n bit digital signals stored in the first latch

circuits to the n source signal lines.

[0038] According to the present invention, a liquid

crystal display device may have a feature such that the

memory circuits are static random access memories

(SRAM), fen'oelectric random access memories (FeR-

AM), or dynamic random access memories (DRAM).

[0039] According to the present invention, a liquid

crystal display device may have a feature such that the

memory circuits are fomned on a glass substrate, a plas-

tic substrate, a stainless steel substrate, or a single crys-

tal wafer.

[0040] A liquid crystal display device of the present

invention may be a television set, a personal computer,

a portable temninal, a video camera, or a head mounted

display, characterized by comprising the liquid crystal

display device.

[0041] According to the present invention, there is

provided a method of driving a liquid crystal display de-

vice having a plurality of pixels that are arranged into

matrix, characterized in that the plural pixels each have

a plurality of memory circuits and a D/A converter, and

data are rewritten in the plural memory circuits of pixels

in a specific row or pixels in a specific column out of all

the plural pixels.

[0042] According to the present invention, there is

provided a method of driving a liquid crystal display de-

vice having a plurality of pixels and a source signal line

driving circuit for inputting video signals to the plural pix-

els, characterized in that the plural pixels each have a

plurality of memory circuits and a D/A converter, and the

operation of the source signal line driving circuit is

stopped when a still image is displayed.

[0043] According to the present invention, a method

of driving a liquid crystal display device may have a fea-

ture such that the memory circuits are static random ac-

cess memories (SRAM), ferroelectric random access

memories (FeRAM), or dynamic random access mem-

ories (DRAM).

[0044] According to the present invention, a method

of driving a liquid crystal display device may have a fea-

ture such that the memory circuits are formed on a glass

substrate, a plastic substrate, a stainless steel sub-

strate, or a single crystal wafer.

[0045] A crystal display device of the present inven-

tion may be atelevision set, a personal computer, a port-

able terminal, a video camera, or a head mounted dis-

5 play characterized in that the liquid crystal display de-

vice is driven by the driving method described above.

[0046] According to the present invention, there is

provided a method of driving a portable information de-

vice having a liquid crystal display device and a CPU,

10 characterized in that: the liquid crystal display device in-

cludes pixels each having a plurality of memory circuits,

a D/A converter, and a driving circuit for outputting sig-

nals to the plural memory circuits; the CPU includes a

first circuit for controlling the driving circuit and a second

15 circuit for controlling signals inputted to the portable in-

fonnation device; and the operation of the first circuit is

stopped when the liquid crystal display device displays

a still image.

[0047] According to the present invention, there is

20 provided a method of driving a portable information de-

vice having a liquid crystal display device and a VRAM,

characterized in that the liquid crystal display device in-

cludes pixels each having a plurality of memory circuits

and a D/A converter, and the operation of reading data

25 from the VRAM is stopped when the liquid crystal dis-

play device displays a still image.

[0048] According to the present invention, there is

provided a method of driving a portable information de-

vice having a liquid crystal display device, characterized

30 in that the liquid crystal display device includes pixels

each having a plurality of memory circuits and a D/A

converter, and the operation of a source signal line driv-

ing circuit of the liquid crystal display device is stopped

when the liquid crystal display device displays a still im-

35 age.

[0049] According to the present invention, a method

of driving a portable infomriation device may have a fea-

ture such that data in the plural memory circuits are read

out once in one frame period.

40 [0050] According to the present invention, there is

provided a method of driving a portable information de-

vice having a liquid crystal display device, characterized

in that: the liquid crystal display device has a plurality of

pixels arranged into matrix; the plural pixels each have

45 a plurality of memory circuits and a D/A converter; and

the liquid crystal display device rewrites data in the plu-

ral memory circuits of pixels in a specific row or pixels

in a specific column out of all the plural pixels.

[0051] According to the present invention, a method

50 of driving a portable infonnation device may have a fea-

ture such that the portable Infomnation device is a cellu-

lar phone, a personal computer, a navigation system, a

PDA, or an electronic book.

55 BRIEF DESCRIPTION OF THE DRAWINGS

[0052] In the accompanying drawings:

5
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Fig. 1 IS a circuit diagram of a pixel of the present

invention whicli has a plurality of memory circuits

therein;

Fig. 2 is a diagram showing the circuit structure of

a source signal tine driving circuit for displaying an 5

image using a pixel of the present invention;

Figs. 3A and 3B are timing charts for displaying an

image using a pixel of the present invention;

Fig. 4 is a detailed circuit diagram of a memory cir-

cuit; '0

Fig. 5 is a diagram showing the circuit structure of

a source signal line driving circuit that does not have

a second latch circuit;

Fig. 6 is a circuit diagram of a pixel of the present

invention which is driven by the source signal line '5

driving circuit of Fig. 5;

Figs. 7A and 7B are timing charts for displaying an

image using the circuits shown in Figs. 5 and 6;

Fig. 8 is a diagram showing the structure of a D/A

converter for a liquid crystal display device of the 20

present Invention;

Fig. 9 is a diagram showing the structure of a D/A

converter for a liquid crystal display device of the

present invention;

Figs. 10A to 10C are diagrams showing an exem- 25

plary process of manufacturing a liquid crystal dis-

play device that has a pixel of the present invention;

Figs. 11 A to 11 C are diagrams showing the exem-

plary process of manufacturing a liquid crystal dis-

play device that has a pixel of the present invention; 30

Figs. 12A and 12B are diagrams showing the ex-

emplary process of manufacturing a liquid crystal

display device that has a pixel of the present inven-

tion;

Fig. 13 is a diagram schematically showing the 35

overall circuit structure of a conventional liquid crys-

tal display device;

Fig. 14 is a diagram showing the circuit structure of

a source signal line driving circuit for a conventional

liquid crystal display device;

Figs. 15Ato 15F are diagrams showing electronic

devices to which a display device having a pixel of

the present invention can be applied;

Figs. 1 6A to 1 6D are diagrams showing electronic

devices to which a display device having a pixel of 45

the present invention can be applied;

Fig. 1 7 is a diagram showing the circuit structure of

a source signal line driving circuit that does not have

a second latch circuit;

Figs. 1 8A and 1 SB are timing charts for displaying 50

an image using the circuit shown in Fig. 17;

Figs. 1 9A and 1 9B are diagrams showing an exam-

ple of process of manufacturing a reflective liquid

crystal display device;

Fig. 20 is a diagram showing the structure of a D/A 55

converter for a liquid crystal display device of the

present invention;

Fig. 21 is a diagram showing the structure of a D/A

converter for a liquid crystal display device of the

present invention;

Fig. 22 is a diagram showing the circuit structure of

a source signal line driving circuit that has latch cir-

cuits in a number necessary for one bit data

processing;

Fig. 23 is a diagram showing a gate signal line driv-

ing circuit using a decoder;

Fig. 24 is a block diagram showing a portable infor-

mation tenninal to which the present invention is ap-

plied;

Fig. 25 is a block diagram showing a cellular phone

to which the present invention is applied;

Fig. 26 is a block diagram showing a transmission/

reception unit of the cellular phone;

Figs. 27A to 27C are diagrams showing a liquid

crystal display device for a portable information de-

vice of the present invention, where Fig. 27A is a

top view thereof and Figs. 278 and 27C are section-

al views thereof;

Figs. 28A to 28C are diagrams showing application

examples of a portable infomnation device of the

present invention;

Figs. 29A and 29B are diagrams showing applica-

tion examples of a portable information device of

the present invention;

Fig. 30 is a top view of a pixel in a liquid crystal dis-

play device of a portable infomnation device of the

present invention;

Fig. 31 is a diagram showing an example of a port-

able infomnation tenninal of the present invention;

Fig. 32 is a diagram showing an example of a port-

able information tenninal of the present invention;

Fig. 33 is a diagram showing an example of a port-

able information tenninal of the present invention;

Fig. 34 is a block diagram of a conventional portable

information temninal;

Fig. 35 is a block diagram of a conventional cellular

phone;

Fig. 36 is a diagram showing the structure of a pixel

for a liquid crystal display device of the present in-

vention;

Fig, 37 is a diagram showing the structure of a pixel

for a liquid crystal display device of the present in-

vention; and

Fig. 38 is a diagram showing the structure of a pixel

for a liquid crystal display device of the present in-

vention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[Embodiment Mode]

[0053] Fig. 2 shows the structure of a source signal

line driving circuit and the structure of some of pixels in

a display device that employs pixels having memory cir-

cuits. The circuit is capable of handling 3 bit digital gray

6
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scale signals, and is connposed of shift register circuits

(SR) 201, first latch circuits (LAT1) 202, second latch

circuits (LAT2) 203, bit signal selecting switches (SW)

204, and pixels 205. Denoted by 210 are signals sup-

plied fronn a gate signal line driving circuit, or directly 5

from the external, and descriptions of the signals will be

found later along with explanations of the pixels.

[0054] Fig. 1 shows detailed circuit structure of one of

the pixels 205 in Fig. 2. The pixel is for 3 bit digital gray

scale signals, and is composed of a liquid crystal ele-

ment (LC), a storage capacitor (Cs), memory circuits

(105 to 107), a D/A (D/A converter 111), etc. Denoted

by 101 is a source signal line, 102 to 104 represent writ-

ing gate signal lines, and 108 to 110 represent writing

TFTs.

[0055] Specific examples of the D/A converter 11 1 will

be described in Embodiments. However, the D/A con-

verter may be structured differently from the ways de-

scribed in Embodiments.

[0056] Figs. 3A and 3B are timing charts of the display

device shown in Fig. 1 in accordance with the present

invention. The display device is capable of handling 3

bit digital gray scale signals and has a VGA level reso-

lution. A method of driving this display device will be de-

scribed with reference to Figs. 1 to 3B. The reference

symbols used in this description are the same as those

in Figs. 1 to 3B.

[0057] Reference is made to Fig. 2 and Figs. 3A and

38. In Fig. 3A, frame periods are respectively denoted

by a, p, and y. The operation of the circuit in the period

a is described first.

[0058] Similar to the conventional driving circuit of

digital driving method, clock signals (S-CLK, S-CLKb)

and start pulses (S-SP) are inputted to the shift register

circuits 201 and sampling pulses are outputted sequen-

tially. The sampling pulses are then inputted to the first

latch circuits 202 (1-AT1) so that digital signals (digital

data) also inputted to the first latch circuits 202 are held

therein respectively. This period is referred to as dot da-

ta sampling period in this specification. The dot data

sampling period corresponding to one horizontal period

stretches from a period 1 to a period 480 in Fig. 3. The

digital signals are 3 bit signals, and D1 is the most sig-

nificant bit (MSB) whereas D3 is the least significant bit

(LSB). When the first latch circuits 202 complete holding

digital signals corresponding to one horizontal period,

the digital signals held in the first latch circuits 202 are

transferred to the second latch circuits 203 (LAT2) all at

once in response to input of latch signals (latch pulses)

during the retrace period.

[0059] Subsequently, the first latch circuits operate to

hold digital signals corresponding to the next horizontal

period in response to sampling pulses again outputted

from the shift register circuits 201

.

[0060] On the other hand, the digital signals trans-

ferred to the second latch circuits 203 are written in the

memory circuits arranged in each pixel. As shown in Fig.

3B, the dot data sampling period of the next column is

divided Into three, namely, a period I, a period II, and a

period III, to output the digital signals held in the second

latch circuits to the source signal line. At this point, the

bit signal selecting switches 204 are used to output the

signals of the respective bits to the source signal lines

in order.

[0061 ] In the period I, pulses are inputted to the writing

gate signal line 1 02 to turn the TFT 1 08 conductive and

digital signals are written in the memory circuit 1 05. Sub-

sequently, in the period II, pulses are inputted to the writ-

ing gate signal line 1 03 to turn the TFT 1 09 conductive

and digital signals are written in the memory circuit 1 06.

Lastly, in the period III. pulses are inputted to the writing

gate signal line 1 04 to turn the TFT 1 1 0 conductive and

digital signals are written in the memory circuit 1 07.

[0062] The above steps complete processing of dig-

ital signals corresponding to one horizontal period. The

periods in Fig. 3B correspond to the period indicated by

* in Fig. 3A. The above operation is repeated until the

last stage is processed, thereby completing writing dig-

ital signals corresponding to one frame in the memory

circuits 105 to 107.

[0063] The digital signals written are converted into

analog signals by the D/A 111 and the analog signals

are inputted to the liquid crystal element. The liquid crys-

tal element changes its transmittance in accordance

with the inputted analog signals to provide gray scales.

Since the signals here are 3 bit signals, the luminance

obtained ranges from 0 to 7, namely, 8 levels in total.

[0064] The above operations are repeated to continue

displaying an image. If the image to be displayed is a

still image, digital signals are stored in the memory cir-

cuits 105 to 107 in the first operation. Once the digital

signals are stored, the digital signals stored in the mem-

ory circuits 1 05 to 1 07 are repeatedly read out for every

new frame period.

[0065] Appropriately, a DAC controller is used to con-

trol the operation of repeatedly reading out the digital

signals stored in the memory circuits for every new

frame period and converting the read out signals into

analog signals in the D/A 111.

[0066] Alternatively, outputs of the memory circuits

are inputted to the D/A 111 through reading out TFTs

(not shown). Turning the reading out TFTs ON and OFF
is controlled to repeatedly read out the digital signals

stored in the memory circuits for every new frame peri-

od.

[0067] In this case, a reading out gate signal line driv-

ing circuit (not shown) is used to input signals to reading

out gate signal lines (not shown) to which gate elec-

trodes of the reading out TFTs are connected.

[0068] Thus the source signal line driving circuit can

stop its driving while a still image Is displayed.

[0069] Moreover, the gate signal lines can be used

one by one, as opposed to driving all of them at once,

in writing digital signals in the memory circuits or reading

digital signals out of the memory circuits. In other words,

partial rewriting of a screen is possible by operating the
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source signal line driving circuit for only a short period

of time, thereby increasing display method options.

[0070] In this case, it is desirable to use a decoder as

the gate signal line driving circuit. A decoder appropriate

to use is a circuit disclosed in Japanese Patent Applica- 5

tion Laid-open No. Hei 8-1 01669. An example of the de-

coder is shown in Fig. 23. The source signal line driving

circuit may also include a decoder to rewrite a part of a

screen,

[0071 ] In this embodiment mode, one pixel has three

memory circuits in order to store 3 bit digital signals cor-

responding to one frame. However, the number of mem-

ory circuits according to the present invention Is not lim-

ited to three. For example, when n (n is a natural number

equal to or greater than 2) bit digital signals con-espond-

ing to m (m is a natural number equal to or greater than

2) frames are to be stored, one pixel has n x m memory

circuits.

[0072] The memory circuits mounted to the pixels

store digital signals in the manner described above, so

that the digital signals stored in the memory circuits can

be used repeatedly for every new frame period when a

still image is displayed. This makes it possible to con-

tinuously display a still image without driving an external

circuit, the source signal line driving circuit, or other cir-

cuits. Accordingly, the invention greatly contributes to

reduction of power consumption in liquid crystal display

devices.

[0073] The source signalline driving circuit may not

necessarily be formed on an insulator integrally, consid-

ering arrangement of the latch circuits that increase in

number in accordance with the bit number. A part of. or

the entirety of, the source signal line driving circuit may

be extemal to the insulator.

[0074] Although the source signal line driving circuit

in this embodiment mode is provided with a number of

latch circuits in accordance with the bit number, the

source signal line driving circuit can operate also when

the latch circuits are provided in a number necessary for

only one bit data processing. In this case, digital signals

of from significant bit to less significant bit are inputted

to the latch circuits in series.

[0075] Fig. 24 shows the structure of a portable infor-

mation device of the present invention which employs

the liquid crystal display device structured as above.

When a still image is to be displayed, video signals are

stored in memory circuits in pixels of a display device

2413, and the stored video signals are retrieved to dis-

play the image. Out of internal circuits of a CPU 2406,

accordingly, a video signal processing circuit 2407, a

VRAM 2411, and a source signal line driving circuit of

the display device 2413 can stop their operation during

still image display, as opposed to all of the internal cir-

cuits of the CPU have to operate in prior art.

[0076] Specific explanations of the above paragraph

will be given in the following. The CPU 2406 judges that

the device is in a still image mode when lack of input

through a pen touch tablet 2401 lasts a given period of

time, or when a signal that requires changing image dis-

play is not inputted from an external interface port 2405

for a given period of time. Making that judgement, the

CPU 2406 operates as follows. The CPU stops the

source signal line driving circuit of the display device

241 3 through an LCD controller 241 2. To elaborate, the

operation of the source signal line driving circuit is

stopped by cutting supply of start pulses, clock signals,

and video signals to the source signal line driving circuit.

At this point, the gate signal line driving circuit does not

stop its operation but receives supply of signals to re-

peatedly read out data out of the memory circuits.

[0077] The gate signal line driving circuit is generally

driven at a frequency 1 /1 00 times or less of the frequen-

cy used to drive the source signal line driving circuit.

Therefore, the gate signal line driving circuit hardly in-

fluences power consumption if its operation is not

stopped during still image display. The operation of the

gate signal line driving circuit may of course be stopped

when the liquid crystal material used does not cause a

problem regarding image quality, such as the burn-In

phenomenon. Thus the display device 2413 displays a

still image while stopping operation of the source signal

line driving circuit alone, or both the source signal line

driving circuit and the gate signal line driving circuit.

[0078] The CPU 2406 next stops the operation of the

video signal processing circuit 2407 and theVRAM 241

1

in the CPU 2406. The display device 2413 displays an

image using video data stored in the memory circuits

provided in the display device as described above, and

hence there is no need to input new video data to the

display device. The video signal processing circuit 2407,

the VRAM 2411 , and other circuits involving generation

and processing of video data thus do not need to oper-

ate during still image display. In this way, reduction in

power consumption can be achieved in the CPU 2406,

in the VRAM 2411 , and in the source signal line driving

circuit.

[0079] When signals are inputted through the pen

touch tablet 2401 to input video signals, an instruction

for changing display contents is sent from a detector cir-

cuit 2402 of the pen touch tablet through a tablet inter-

face 2418 to the CPU 2406. Receiving the instruction,

the CPU 2406 starts the VRAM 241 1 and the video sig-

nal processing circuit 2407 which have stopped operat-

ing. Then start pulses, clock signals, and video data are

supplied to the source signal line driving circuit of the

display device 241 3 through the LCD controller 241 2 to

write new video signals in the pixels.

[0080] In this way, the portable infonnation terminal

can continue to display a still image as long as the cir-

cuits surrounded by the dotted lines in Fig. 24 operate

(namely, the gate signal line driving circuit, the LCD con-

troller 2412, the pen touch tablet 2401 , the detector cir-

cuit 2402, and the tablet interface 2418).

[0081] Fig. 25 shows an example of a cellular phone

to which the present invention is applied. The cellular

phone operates generally the same way as the portable

15

20

25

30

35

40

45

50

8



15 EP1 182 638 A2 16

information temninal of Fig. 24 operates. A difference be-

tween the cellular phone and the portable information

terminal is that the cellular phone adopts keyboard 2501

to Input data and control is given by a CPU 2506 through

a keyboard interface 251 8. Another difference is that ex- 5

ternal data is inputted to an antenna through a comnriu-

nication system of a phone service company and is am-

plified by a transmission/reception circuit 2515 to be

controlled by the CPU 2506. When a still image is dis-

played, the operation of a video signal processing circuit

2507, a VRAM 2511, and a source signal line driving

circuit can be stopped similar to the portable information

tenninal.

[0082] In this way, the cellular phone can continue to

display a still image as long as the circuits surrounded

by the dotted lines in Fig. 25 operate (namely, a gate

signal line driving circuit, an LCD controller 251 2, a key-

board 2501 , and a keyboard interface 2518).

[0083] Embodiments of the present invention will be

described below.

[Embodiment 1]

[0084] This embodiment gives descriptions on the

pixel in the circuit shown in Embodiment Mode, regard-

ing its specific structure (an-angement of transistors and

other components) and its operation.

[0085] Fig. 8 shows a pixel similar to the one shown

in Fig. 1, but circuits constituting a D/A 111 are shown

here unlike Fig. 1. In Fig. 8, components identical with

those in Fig. 1 are denoted by the same reference sym-

bols. Memory circuits 105, 106, and 1 07 are connected

to writing TFTs 1 08, 1 09, and 110, respectively, and are

controlled by memory circuit selecting signal lines (writ-

ing gate signal lines) 102, 103, and 104, respectively.

[0086] Fig. 4 shows an example of the memory cir-

cuits. An area surrounded by a dotted line frame 450 is

one memory circuit (corresponding to 105, 106, or 107

in Fig. 8), whereas 451 denotes one writing TFT (con^e-

sponding to 1 08, 1 09, or 1 1 0 in Fig. 8). The memory cir-

cuit 450 shown here is a static random access memory

(SRAM) utilizing flip-flop. However, the memory circuit

is not limited to this structure.

[0087] The circuit of this embodiment, shown in Fig.

8, may be driven in accordance with the timing charts

described in Embodiment Mode with reference to Figs.

3A and SB. The operation of the circuit, plus a method

of actually driving a memory circuit selecting unit, will be

described refemng to Figs. 3A and 3B and Fig. 8. The

description adopts the reference symbols used in Figs.

3A and 38 and Fig. 8.

[0088] Reference is made to Figs. 3A and 38. In Fig.

3A, frame periods are respectively denoted by a, p, and

7. The operation of the circuit in the period a is described

first.

[0089] Shift register circuits, first latch circuits, and

second latch circuits operate the same way as those in

Embodiment Mode, so see the descriptions of Embod-

iment Mode.

[0090] In the period I
,
pulses are inputted to the writing

gate signal tine 1 02 to turn the TFT 1 08 conductive and

digital signals are written in the memory circuit 1 05. Sub-

sequently, in the period II, pulses are inputted to the writ-

ing gate signal line 103 to tum the TFT 109 conductive

and digital signals are written in the memory circuit 106.

Lastly, in the period III, pulses are inputted to the writing

gate signal line 1 04 to turn the TFT 1 1 0 conductive and

digital signals are written in the memory circuit 1 07.

[0091] The above steps complete processing of dig-

ital signals corresponding to one horizontal period. The

periods in Fig. 38 correspond to the period indicated by

* in Fig. 3A. The above operation is repeated until the

last stage is processed, thereby completing writing dig-

ital signals corresponding to one frame in the memory

circuits 105 to 107.

[0092] The digital signals written are converted into

analog signals by the D/A 111 and the analog signals

are inputted to a liqu id crystal element. The liquid crystal

element change its transmittance in accordance with the

inputted analog signals to provide gray scales. Since the

signals here are 3 bit signals, the luminance obtained

ranges from 0 to 7, namely, 8 levels in total.

[0093] Thus data corresponding to one frame period

are displayed. Concurrently, the driving circuit is

processing digital signals of the next frame period,

[0094] The procedure above is repeated to display an

image.

[0095] When a still image is to be displayed, the op-

eration of the source signal line driving circuit is stopped

after finishing writing digital signals of a certain frame in

the memory circuits, and the same signals written in the

memory circuits are read each time a new frame is start-

ed to display the still image.

[0096] There is an alternative to this though not shown

in Fig. 8. In the alternative method, outputs of the mem-

ory circuits in each pixel are inputted to the D/A through

the reading out TFTs, and the signals are repeatedly

read out of the memory circuits for every new frame pe-

riod by operating the reading out TFTs. The circuit for

operating the reading out TFTs may have any known

structure.

[0097] A still image can be displayed by another meth-

od in which signals inputted to the memory circuits are

constantly inputted to the D/A circuit and corresponding

analog signals are outputted to the liquid crystal ele-

ment. In this case, display of the same level of lumi-

nance is continued until selection of the writing TFTs is

made and information is newly written in the memory

circuits. This driving method does not need the reading

out TFTs and the like mentioned above.

[0098] In this way curent consumption during dis-

playing a still image can be reduced greatly.

[Embodiment 2]

[0099] This embodiment gives a description on a case
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where signals are written in memory circuits of a pixel

portion by dot-sequential system to eliminate the need

for a second latch circuit of a source signal line driving

circuit.

[0100] Fig. 5 shows the structure of a source signal 5

line driving circuit and the structure of some of pixels in

a liquid crystal display device that employs pixels having

memory circuits. The circuit is capable of handling 3 bit

digital gray scale signal, and is composed of shift regis-

ter circuits (SR) 501, latch circuits (I-AT1) 502, and pix-

els 503. Denoted by 510 are signals supplied directly

from a gate signal line driving circuit or the like and de-

scriptions of the signals will be found later along with

explanations of the pixels.

[0101] Fig. 6 shows detailed circuit structure of one of

the pixels 503 in Fig. 5. As in Embodiment 1 , the pixel

is for 3 bit digital gray scale signals, and is composed of

a liquid crystal element (LC), a storage capacitor (Cs),

memory circuits (605 to 607) , a D/A (D/A converter 611),

etc. Denoted by 601 is a first bit (MSB) signal source

signal line, 602, a second bit signal source signal line,

and 603, a third bit (LSB) signal source signal tine. Ref-

erence symbol 604 represents a writing gate signal line

whereas 608 to 610 represent writing TFTs.

[0102] Figs. 7A and 78 are timing charts regarding

driving of the circuit of this embodiment. The description

will be given with reference to Fig. 6 and Figs. 7A and

78.

[0103] The operation of the shift register circuits 501

and the latch circuits (LAT1 ) 502 is the same as Embod-

iment Mode and Embodiment 1. As shown in Fig. 78,

writing in the memory circuit of the pixels is started im-

mediately after the latch operation for the first stage is

finished. Pulses are inputted to the writing gate signal

line 604 to turn the writing TFTs 608 to 610 conductive

and ready the memory circuits for writing. The digital sig-

nals sorted by their bits and separately held in the latch

circuits 502 are simultaneously written in the memory

circuits through the three source signal lines 601 to 603.

[0104] While the digital signals held in the latch cir-

cuits are written in the memory circuits in the first stage,

digital signals for the next stage are beginning to be held

in the latch circuits in response to next sampling pulses.

Signals are thus sequentially written in the memory cir-

cuits.

[0105] The above operation is repeated till the final

stage, thereby completing one horizontal period.

[01 08] The periods in Fig. 78 con-espond to the period

indicated by **
in Fig. 7A.

[01 07] The same operation is conducted for all of the

horizontal periods 1 to 480.

[0108] Then a display period for the first frame is com-

pleted. In the period p, digital signals of the next frame

are processed.

[0109] An image is displayed by repeating the above

procedure. When a still image is to be displayed, the

operation of the source signal line driving circuit is

stopped after finishing writing digital signals of a certain

frame in the memory circuits, and the same signals writ-

ten in the memory circuits are read each time a new

frame is started to display the still image. In this way,

current consumption during displaying a still image can

be reduced greatly. Furthemriore, the number of latch

circuits is reduced to half the number of latch circuits in

Embodiment Mode. This embodiment is therefore

space-saving in arrangement of the circuits, and can

contribute to overall size reduction of the display device.

[Embodiment 3]

[0110] This embodiment describes an example of a

liquid crystal display device to which the circuit structure

ofthe liquid crystal display device shown in Embodiment

2 and having no second latch circuit is applied, and

which employs dot-sequential driving to write signals in

memory circuits In pixels.

[0111] Fig. 17 shows an example of the circuit stoic-

turefor a source signal line driving circuit of a liquid crys-

tal display device according to this embodiment. The cir-

cuit is capable of handling 3 bit digital gray scalesignals,

and is composed of shift register circuits 1 701 , latch cir-

cuits 1 702, switching circuits 1 703, and pixels 1 704. De-

noted by 1710 are signals supplied from a gate signal

line driving circuit, or directly from the external. The cir-

cuit structure of the pixels is the same as Embodiment

2, and hence Fig. 6 can be referred to as it is.

[0112] Figs. 18A and 188 are timing charts regarding

driving of the circuit of this embodiment. The description

will be given with reference to Fig. 6, Fig. 17 and Figs.

18A and 188.

[0113] The operations from outputting sampling puls-

es from the shift register circuits 1701 through holding

digital signals in the latch circuits 1702 in response to

the sampling pulses are the same as Embodiments 1

and 2. In this embodiment, the switching circuits 1703

are placed between the latch circuits 1 702 and the mem-

ory circuits in the pixels 1704. Therefore writing in the

memory circuits does not start immediately after com-

pleting holding the digital signals in the latch circuits.

The switching circuits 1 703 are kept closed until the dot

data sampling period is ended, and the latch circuits

continue to hold the digital signals as long as the switch-

ing circuits are closed.

[0114] As shown in Fig. 188, the switching circuits

1 703 are opened all at once upon receiving input of latch

signals (latch pulses) during the retrace period that fol-

lows completion of holding digital signals corresponding

to one horizontal period. Then the digital signals held in

the latch circuits 1702 are simultaneously written in the

memory circuits in the pixels 1 704. The operation in the

pixels 1704 during this writing operation, and the oper-

ation in the pixels 1704 during reading out operation for

display for the next frame period are the same as Em-

bodiment 2, and hence explanations thereof are omitted

here.

[0115] The periods in Fig. 1 88 con-espond to the pe-
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riod indicated by ***
in Fig. 18A.

[0116] In this way, driving in accordance with dot-se-

quential system can easily be made also when a source

signal line driving circuit has no second latch circuit.

[Embodiment 4]

[0117] Described in this embodiment is a case of us-

ing a D/A converter of the type that selects from a plu-

rality of gray scale voltage lines. Fig. 8 shows a circuit

diagram thereof.

[01 1 8] When the circuit processes 3 bit digital signals,

eight gray scale voltage lines are provided and the volt-

age lines are respectively connected to switching TFTs.

Outputs of memory circuits are used to selectively drive

the switching TFTs through a decoder. The switching

TFTs may employ transmission gates.

[0119J In Fig. 8, outputs from memory circuits 105 to

107 are composed of signals stored in the memory cir-

cuits and inversion signals of the stored signals.

[01 20J This embodiment can be combined freely with

Embodiments 1 through 3.

[Embodiment 5]

[01 21 1 This embodiment explains a case of using a D/

A converter having a structure different from the one de-

scribed in Embodiment 4 referring to Fig. 8. Fig. 9 shows

a circuit diagram thereof.

[0122] The circuit of this embodiment is of the type

that selects from plural gray scale voltage lines similar

to the one shown in Embodiment 4 with reference to Fig.

8. The circuit of Fig. 8 has a lot of elements and hence

the elements take up a large area in the pixel. Then, in

Fig. 9, switches are connected in series so that the

switches double as a decoder to reduce the number of

elements. The switches may employ transmission

gates.

[01231 In Fig. 9, outputs from the memory circuits 1 05

to 107 are composed of signals stored in the memory

circuits and inversion signals of the stored signals.

[01 24] This embodiment can be combined freely with

Embodiments 1 through 3.

[Embodiment 6]

[01 25] This embodiment explains a case of using a D/

A converter having a structure different from the ones

described in Embodiments 4 and 5 referring to Fig. 8

and Fig. 9. Fig. 20 shows a circuit diagram thereof.

[0126] The D/A converters shown in Figs. 8 and 9 use

gray scale voltage lines, requiring wiring lines in a

number corresponding to the number of gray scales.

Therefore the converters of Figs. 8 and 9 are not suitable

for multi-gray scale. Then in the converter of Fig. 20, the

reference voltage is divided to provide gray scale volt-

ages in accordance with combinations of capacitors CI

to C3. The capacitance dividing method as this obtains

gray scales in accordance with the proportion of the ca-

pacitors C1 to C3, thereby providing various gray scale

displays.

[0127] D/A converters of capacitance dividing method

5 as such are described in AMLCD99, Digest of Technical

Papers pp. 29 - 32.

[01 28] This embodiment can be combined freely with

Embodiments 1 through 3.

10 [Embodiment 7]

[01 29] This embodiment gives a description on a case

of using a D/A converter having a structure different from

the ones described in Embodiments 4, 5, and 6 referring

15 to Fig. 8, Fig. 9, and Fig. 20. Fig. 21 shows a circuit di-

agram thereof.

[0130] The converter shown in Fig. 21 is a circuit ob-

tained by further simplifying the D/A converter described

in Embodiment 6 with reference to Fig. 20. Of two elec-

20 trodes of each of the capacitors C1
,
C2, and C3, an elec-

trode that Is not connected to a liquid crystal element is

connected to V|_ at the time of resetting, and is connect-

ed to Vh or Vl during other times. This connection may

be established by a switch alone. The switch may em-

25 ploy a transmission gate.

[0131] In Fig. 21, outputs from the memory circuits

1 05 to 1 07 are composed of signals stored in the mem-

ory circuits and inversion signals of the stored signals.

[01 32] This embodiment can be combined freely with

30 Embodiments 1 through 3.

[Embodiment 8]

[0133] As shown in Fig. 22, latch circuits of a source

35 signal line driving circuit are provided in a number nec-

essary for only one bit data processing. To compensate

the small number, the source signal tine driving circuit

is operated three times faster, and first bit data, second

bit data, and third bit data are inputted in order during

40 one line period to the source signal line driving circuit.

The source signal line driving circuit of this embodiment

thus can provide the same effect as the one in Embod-

iment 1

.

[0134] This method requires an external circuit for re-

45 placing data in order, but can reduce the size of the

source signal line driving circuit.

[Embodiment 9]

50 [0135] Note that a description is set forth regarding a

step for fabheating TFTs for driving circuit (a source sig-

nal line driving circuit, a gate signal line driving circuit

and a pixel selective line driving circuit) provided in the

pixel portion of a display device using the driving method

55 of the present invention and periphery portion of the pix-

el portion. For the simplicity of the explanation, a CMOS
circuit is shown in figures, which is a fundamental struc-

ture circuit for the driving circuit portion.
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[0136] First, as shown in Fig. 10A, a base film 5002

made of an insulating film such as a silicon oxide film,

a silicon nitride film , or a silicon oxynitride film, is fomaed

on a substrate 5001 made of a glass such as barium

borositicate glass or aluminum borosilicate glass, typi- 5

cally a glass such as Corning Corp. #7059 glass or

#1737 glass. For example, a lamination film of a silicon

oxynitride film 5002a, manufactured from SiH4, NH3,

and N2O by plasma CVD, and formed having a thick-

ness of 10 to 200 nm (preferably between 50 and 100

nm), and a hydrogenated silicon oxynitride film 5002b,

similarly manufactured from SiH4 and NgO, and fomned

having a thickness of 50 to 200 nm (preferably between

100 and 150 nm), are fomned. A two-layer stnjcture is

shown for the base film 5002 in Embodiment 9, but a

single layer film of the insulating film, and a structure in

which more than two lavers are laminated, may also be

formed.

[0137] Island shape semiconductor layers 5003 to

5006 are fomied by crystalline semiconductor films

made from a semiconductor film having an amorphous

structure, using a laser crystallization method or a

known themnal crystallization method. The thickness of

the island shape semiconductor layers 5003 to 5006

may be fomned from 25 to 80 nm (preferably between

30 and 60 nm). There are no limitations placed on the

materials for forming a crystalline semiconductor film,

but it is preferable to fonm the crystalline semiconductor

films by silicon or a silicon germanium (SiGe) alloy.

[0138] A laser such as a pulse oscillation type or con-

tinuous light emission type excimer laser, a YAG laser,

or a YVO4 laser can be used to fabricate the crystalline

semiconductor films by the laser crystallization method.

A method of condensing laser light emitted from a laser

oscillator into a linear shape by an optical system and

then irradiating the light to the semiconductor film may

be used when these types of lasers are used. The crys-

tallization conditions may be suitably selected by the op-

erator, but when using the excimer laser, the pulse os-

cillation frequency is set to 30 Hz, and the laser energy

density is set form 1 00 to 400 mJ/cm^ (typically between

200 and 300 mJ/cm^). Further, when using the YAG la-

ser, the second hamnonic is used and the pulse oscilla-

tion frequency is set from 1 to 1 0 kHz, and the laser en-

ergy density may be set from 300 to 600 mJ/cm^ (typi-

cally between 350 and 500 mJ/cm^). The laser light con-

densed into a linear shape with a width of 1 00 to 1 000

nm, for example 400 ^m, is then irradiated over the en-

tire surface of the substrate. This is performed with an

overiap ratio of 80 to 98% for the linear laser light.

[0139] A gate insulating film 5007 is fomned covering

the island shape semiconductor layers 5003 to 5006.

The gate insulating film 5007 is formed of an insulating

film containing silicon with a thickness of 40 to 150 nm

by plasma CVD or sputtering. A 120 nm thick silicon ox-

ynitride film is formed in Embodiment 9. The gate insu-

lating film is not limited to this type of silicon oxynitride

film, of course, and other insulating films containing sil-

icon may also be used in a single layer or in a lamination

structure. For example, when using a silicon oxide film,

it can be formed by plasma CVD with a mixture ofTEOS
(tetraethyl orthosilicate) and O2, at a reaction pressure

of 40 Pa, with the substrate temperature set from 300

to 400 °C, and by discharging at a high frequency (1 3.56

MHz) electric power density of 0.5 to 0.8 W/cm^. Good

characteristics as a gate insulating film can be obtained

by subsequently performing thermal annealing, at be-

tween 400 and 500 °C, of the silicon oxide film thus man-

ufactured.

[0140] A first conductive film 5008 and a second con-

ductive film 5009 are then fomned on the gate Insulating

film 5007 in order to fonm gate electrodes. The first con-

ductive film 5008 is fomned of a Ta film with a thickness

of 50 to 100 nm, and the second conductive film 5009

is fomned of a W film having a thickness of 1 00 to 300

nm, in Embodiment 9.

[0141] The Ta film is fonned by sputtering, and sput-

tering of a Ta target is perfomned by An If appropriate

amounts of Xe and Kr are added to Ar, the internal stress

of the Ta film is relaxed, and film peeling can be prevent-

ed. The resistivity of an a phase Ta film is about 20

Hi2cm, and it can be used in the gate electrode, but the

resistivity of a p phase Ta film is about 1 80 ttQcm and it

is unsuitable for the gate electrode. The a Ta film can

easily be obtained if a tantalum nitride film, which pos-

sesses a crystal structure similar to that of a phase Ta,

is fonnned with a thickness of about 10 to 50 nm as a

base for a Ta film in order to fonm the a phase Ta film.

[0142] The W film is fomned by sputtering with a W
target, which can also be formed by themnal CVD using

tungsten hexafiuoride (WFg). Whichever is used, it is

necessary to make the film become low resistance in

order to use it as the gate electrode, and it is preferable

that the resistivity of theW film be made equal to or less

than 20 ^licm. The resistivity can be lowered by enlarg-

ing the crystal grains of theW film, but for cases in which

there are many impurity elements such as oxygen within

the W film, crystallization is inhibited, thereby the film

becomes high resistance. A W target having a purity of

99.9999% is thus used in sputtering. In addition, by

fonning the W film while taking sufficient care that no

impurities from the gas phase are introduced at the time

of film formation, the resistivity of 9 to 20 \incm can be

achieved.

[0143] Note that, although the first conductive film

5008 is a Ta film and the second conductive film 5009

is a W film in Embodiment 9, both may also be formed

from an element selected from the group consisting of

Ta, W, Ti, Mo, Al, and Cu, or from an alloy material hav-

ing one of these elements as its main constituent, and

a chemical compound material. Further, a semiconduc-

tor film, typically a polycrystalline silicon film into which

an impurity element such as phosphorus is doped, may

also be used. Examples of preferable combinations oth-

er than that used in Embodiment 9 include: fonning the

first conductive film 5008 by tantalum nitride (TaN) and

15

20

25

30

35

40

45

50

12



23 EP1 182 638 A2 24

combining it with the second conductive film 5009

formed from a W film; forming the first conductive film

5008 by tantalum nitride (TaN) and combining it with the

second conductive film 5009 fomied from an A! film ; and

forming the first conductive film 5008 by tantalum nitride 5

(TaN) and combining it with the second conductive film

5009 formed from a Cu film. Whichever is used, it is pref-

erable to combine the conductive materials which can

be etched with the suitable selectivity.

[0144] Then, mask 5010 are fonned from resist, and

a first etching treatment is perfonned in order to form

electrodes and wirings. An ICP (inductively coupled

plasma) etching method is used in Embodiment 9. A gas

mixture of CF4 and CI2 is used as an etching gas, and

a plasma is generated by applying a 500 W RF electric

power (13.56 MHz) to a coil shape electrode at 1 Pa. A

1 00 W RF electric power (1 3.56 MHz) is also applied to

the substrate side (test piece stage), effectively applying

a negative self-bias voltage. In case of mixing CF4 and

CI2, theW film and the Ta film are etched to the approx-

imately same level.

[0145] Edge portions of the first conductive layer and

the second conductive layer are made into a tapered

shape in accordance with the effect of the bias voltage

applied to the substrate side under the above etching

conditions by using a suitable resist mask shape. The

angle of the tapered portions is from 1 5 to 45° . The etch-

ing time may be increased by approximately 1 0 to 20%

in order to perfomn etching without any residue remain-

ing on the gate insulating film. The selectivity of a silicon

oxynitride film with respect to a W film Is from 2 to 4

(typically 3), and therefore approximately 20 to 50 nm

of the exposed surface of the silicon oxynitride film is

etched by this over-etching process. First shape con-

ductive layers 5011 to 6016 (first conductive layers

501 1 a to 501 6a and second conductive layers 501 1 b to

501 6b) are thus fonned of the first conductive layers and

the second conductive layers in accordance with the first

etching process. Reference numeral 5007 denotes a

gate insulating film, and the regions not covered by the

first shape conductive layers 5011 to 5016 are made

thinner by etching of about 20 to 50 nm. (Fig. 10B)

[0146] A first doping process is then perfomied, and

an impurity element which imparts n-type conductivity

is added. (Fig. 10B) Ion doping or ion implantation may

be perfomned for the method of doping. Ion doping is

perfonned under the conditions of a dose amount of

from IxlO"'^ to 5x1 0"'^ atoms/cm^ and an acceleration

voltage of 60 to 100 keV. A periodic table group 15 ele-

ment, typically phosphorus (P) or arsenic (As) is used

as the impurity element which imparts n-type conductiv-

ity, and phosphorus (P) is used here. The conductive

layers 5011 to 5016 become masks with respect to the

n-type conductivity imparting impurity element in this

case, and first impurity regions 501 7 to 5020 are fomned

in a self-aligning manner. The impurity element which

imparts n-type conductivity is added to the first impurity

regions 501 7 to 5020 with a concentration in the range

of 1x1020 to 1x1 021 atoms/cm3. (Fig. 10B)

[0147] A second etching process is performed next

without removing the resist mask, as shown in Fig. 1 0C.

A mixture of CF4, CIg, and is used as the etching gas,

and aW film is selectively etched. By the second etching

process, the second shape conductive layers 5021 to

5026 (first conductive layers 5021a to 5026a and sec-

ond conductive layers 5021 b to 5026b) are foemed. Ref-

erence numeral 5007 denotes a gate insulating film, and

regions not covered by the second shape conductive

layers 5021 to 5026 are additionally etched on the order

of 20 to 50 nm, forming thinner regions.

[0148] The etching reaction of a W film or a Ta film in

accordance with a mixed gas of CF4 and CI2 can be es-

timated from the radicals generated and from the ion

types and vapor pressures of the reaction products.

Comparing the vapor pressures of fluorides and chlo-

rides of W and Ta, theW fluoride compound WFg is ex-

tremely high, and the vapor pressures of WCI5. TaFg,

and TaClg are of similar order. Therefore theW film and

the Ta film are both etched by the CF4 and CI2 gas mix-

ture. However, if a suitable quantity of O2 is added to

this gas mixture, CF4 and O2 react, fonming CO and F,

and a large amount of F radicals or F ions is generated.

As a result, the etching speed of the W film having a

high fluoride vapor pressure is increased. On the other

hand, even if F increases, the etching speed of Ta does

not relatively increase. Further, Ta is easily oxidized

compared to W, and therefore the surface of Ta is oxi-

dized by the addition of Og. The etching speed of the Ta

film is further reduced because Ta oxides do not react

with fluorine and chlorine. Therefore, it becomes possi-

ble to have a difference in etching speeds between the

W film and the Ta film, and it becomes possible to make

the etching speed of the W film larger than that of the

Tafilm.

[0149] Then, as shown in Fig. 11 A, a second doping

process is performed. In this case, a dosage is made

lower than that of the first doping process and under the

condition of a high acceleration voltage, an impurity el-

ement for Imparting the n-type conductivity is doped. For

example, the process is carried out with an acceleration

voltage set to 70 to 1 20 keV and at a dosage of 1 x 1
0^^

atoms/cm2, so that new impurity regions are fonned in-

side of the first impurity regions fonned into the island-

like semiconductor layers in Fig. 10B. Doping is carried

out such that the second shape conductive layers 5021

to 5026 are used as masks to the impurity element and

the impurity element is added also to the regions under

the first conductive layers 5021a to 5026a. In this way,

second impurity regions 5027 to 5031 are formed. The

concentration of phosphorus (P) added to the second

impurity regions 5027 to 5031 has a gentle concentra-

tion gradient in accordance with the thickness of tapered

portions of the first conductive layers 5021a to 5026a.

Note that in the semiconductor layer that overlap with

the tapered portions of the first conductive layers 5021 a

to 5026a, the concentration of impurity element slightly
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falls from the end portions of the tapered portions of the

first conductive layers 5021a to 5026a toward the inner

portions, but the concentration keeps ainnost the same

level.

[0150] As shown in Fig. 11B, a third etching process s

is performed. This is performed by using a reactive ion

etching method (RIE method) with an etching gas of

CHFg. The tapered portions of the first conductive layers

5021a to 5026a are partially etched, and the region in

which the first conductive layers overlap with the semi-

conductor layer is reduced by the third etching process.

Third shape conductive layers 5032 to 5037 (first con-

ductive layers 5032a to 5037a and second conductive

layers 5032b to 5037b) are formed. At this point, regions

of the gate insulating film 5007, which are not covered '5

with the third shape conductive layers 5032 to 5037 are

made thinner by about 20 to 50 nm by etching.

[0151] Bythethird etching process, in the case of sec-

ond impurity regions 5027 to 5031 , second impurity re-

gions 5027a to 5031 a which overlap with the first con- 20

ductive layers 5032a to 5037a, and third impurity re-

gions 5027b to 5231 b between the first impurity regions

and the second impurity regions.

[0152] Then,asshowninFig. 11C, fourth impurity re-

gions 5039 to 5044 having a conductivity type opposite 25

to the first conductivity type are fonried in the island-like

semiconductor layers 5004 forming p-channel TFTs.

The third conductive layers 5033b are used as masks

to an impurity element, and the impurity regions are

fomned in a self-aligning manner. At this time, the whole 30

surfaces of the island-like semiconductor layers 5003,

5005, the storage capacitor portion 5006 and the wiring

portion 5034, which fonri n-channel TFTs are covered

with a resist mask 5038. Phosphorus is added to the

impurity regions 5039 to 5044 at different concentra- 35

tions, respectively. The regions are formed by an ion

doping method using diborane (BgHe) and the impurity

concentration is made 2 x 10^° to 2 x 10^1 atoms/cm^

in any of the regions.

[0153] By the steps up to this, the impurity regions are 40

fonned in the respective island-like semiconductor lay-

ers. The third shape conductive layers 5032, 5033,

5035, and 5036 overlapping with the island-like semi-

conductor layers function as gate electrodes. The nu-

meral 5034 functions as an island-like source signal line. 45

The numeral 5037 functions as a capacitor wiring.

[0154] After the resist mask 5038 is removed, a step

of activating the impurity elements added in the respec-

tive island-like semiconductor layers for the purpose of

controlling the conductivity type. This step is carried out so

by a themial annealing method using a furnace anneal-

ing oven. In addition, a laser annealing method or a rapid

themnal annealing method (RTA method) can be ap-

plied. The thermal annealing method is performed in a

nitrogen atmosphere having an oxygen concentration of 55

1 ppm or less, preferably 0.1 ppm or less and at 400 to

700 "C, typically 500 to 600 °C. In Embodiment 9, a heat

treatment is conducted at 500 '^C for 4 hours. However,

in the case where a wiring material used for the third

shape conductive layers 5032 to 5037 is weak to heat,

it is preferable that the activation is performed after an

interlayer Insulating film (containing silicon as its main

ingredient) is fomned to protect the wiring line or the like.

[0155] Further, a heat treatment at 300 to 450 for

1 to 12 hours is conducted in an atmosphere containing

hydrogen of 3 to 1 00 %, and a step of hydrogenating the

island-like semiconductor layers is conducted. This step

is a step of terminating dangling bonds in the semicon-

ductor layer by thermally excited hydrogen. As another

means for hydrogenation, plasma hydrogenation (using

hydrogen excited by plasma) may be carried out.

[0156] Next, a first interlayer insulating film 5045 of a

silicon oxynitride film is fonned with a thickness of 1 00

to 200 nm. Then, a second interlayer insulating film 5046

of an organic insulating material is fonned thereon. After

that, etching is can-ied out to form contact holes.

[0157] Then, in the driving circuit portion, source wir-

ings 5047 and 5048 for contacting the source regions of

the island-like semiconductor layers, and a drain wiring

5049 for contacting the drain regions of the island-like

semiconductor layers are fonned. In the pixel portion, a

connecting electrode 5050 and pixel electrodes 5051

and 5052 are fonned (Fig. 12A). The connecting elec-

trode 5050 allows electric connection between the

source signal line 5034 and pixel TFTs. It is to be noted

that the pixel electrode 5052 and a storage capacitor

are of an adjacent pixel.

[0158] Thus, a driving circuit having an n-channel TFT

and p-channel TFT, a pixel TFT and a pixel portion hav-

ing a storage capacitor can be formed on the same sub-

strate. In this specification, such substrate is referred to

as an active matrix substrate.

[0159] Further, edge portions of the pixel electrodes

are arranged overiapping a source signal line and a gate

signal line such that the gaps between the pixel elec-

trodes can be shielded from light without using a black

matrix.

[0160] Furthenmore, in accordance with the process-

es shown in Embodiment 9, the active matrix substrate

can be manufactured by using five photomasks (an is-

land shape semiconductor layer pattern, a first wiring

pattern (source signal line, gate signal line, capacitor

wirings), a p-channel region mask pattern, a contact

hole pattern, and a second wiring pattern (including pixel

electrodes and connection electrodes). As a result, the

processes can be reduced, and this contributes to a re-

duction in the manufacturing costs and an increase in

throughput.

[0161] After obtaining the active matrix substrate of

Fig. 12A, an alignment film 5053 is formed on the active

matrix substrate of Fig. 12B, and a rubbing process is

perfonned.

[0162] An opposing substrate 5054 is prepared. Color

filter layers 5055 to 5057, and an overcoat layer 5058

are fonmed on the opposing substrate 5054. The color

filter layers are fonned such that the color filter layer
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5055, having a red color, and the color filter layer 5056,

having a blue color, are overlapped with each other, and

also serve as a light shielding filnn. It is necessary to

shield at least the spaces between the TFTs, and the

connection electrodes and the pixel electrodes, and

therefore, it is preferable that the red color filters and the

blue color filters are arranged so as to overlap and shield

the necessary positions.

[0163] Further, conribined with the connection elec-

trode 5050, the red color filter layer 5055, the blue color

filter layer 5056, and a green color filter layer 5057 are

overlaid, fonning a spacer. Each color filter is fonmed

having a thickness of 1 to 3 \im by mixing a pigment into

an acrylic resin. A predetermined pattern can be fonmed

using a mask which uses a photosensitive material.

Considering the thickness of the overcoat layer of 1 to

4 ^im, the height of the spacers can be made from 2 to

7 urn, preferably between 4 and 6 ^m. A gap is fonmed

by this height when the active matrix substrate and the

opposing substrate are joined together. The overcoat

layer 5058 is fonmed by an optical hardening, or a ther-

mosetting, organic resin material, and materials such as

polyimide and acrylic resin are used, for example.

[0164] The arrangement of the spacers may be deter-

mined arbitrarily, and the spacers may be arranged on

the opposing substrate 5054 so as to line up with posi-

tions over the connection electrodes, as shown in Fig.

12B, for example. Further, the spacers may also be ar-

ranged on the opposing substrate 5054 so as to line up

with positions over the TFTs of the driving circuit. The

spacers may be an^anged over the entire surface of the

driving circuit portion, and they may be arranged so as

to cover source wirings and drain wirings.

[0165] An opposing electrode 5059 is formed by pat-

terning after fomning the overcoat layer 5058, and a rub-

bing process is performed after forming an alignment

film 5060.

[0166] The active matrix substrate on which the pixel

portion and the driving circuit are fonmed, and the op-

posing substrate are then joined together by a sealing

member 5062. Fillers are mixed into the sealing member

5062, and the two substrates are joined together with a

unifonm gap maintained by the filler and the spacers. A
liquid crystal material 5061 is then injected between

both the substrate, and this is completely sealed by us-

ing a sealing material (not shown in the figure). A known

liquid crystal material may be used as the liquid crystal

material 5061. The active matrix liquid crystal display

device shown in Fig. 12B is thus completed.

[0167] While the TFT manufactured by the above

mentioned process has a top gate structure, the present

invention can be also applied to the bottom gate struc-

ture TFT or other structure TFT.

[0168] Further, the glass substrate is used in this em-

bodiment, but ft is not limited. Other than glass sub-

strate, such as the plastic substrate, the stainless sub-

strate and the single crystalline wafers can be used to

implement.

[01 69] The present embodiment can be performed by

freely combining with Embodiment 1 to Embodiment 8.

[Embodiment 10]

5

[0170] A liquid crystal display device of the present

invention has a plurality of memory circuits in Its pixel

portion, and hence the number of elements constituting

one pixel is larger than in a nonrnal pixel. If the liquid

10 crystal display device is of transmissive type, then low

aperture ratio can cause insufficient luminance. There-

fore the present invention is desirably applied to a re-

flective liquid crystal display device. This embodiment

shows an example of manufacturing a reflective liquid

'5 crystal display device.

[0171] Following descriptions of Embodiment 9, an

active matrix substrate shown in Fig. 1 9A (the substrate

is similar to the one shown in Fig. 12A) is fabricated. A

resin film is then fonmed as a third interlayer insulating

20 film 5201 . Thereafter, a contact hole is opened in a pixel

electrode portion to fonrn a reflective electrode 5202.

The reflective electrode 5202 is desirably formed of a

material having excellent reflectivity, such as a film

mainly containing Al or Ag, or a laminate of a A! contain-

25 ing film and a Ag containing film.

[0172] On the other hand, an opposing substrate

5054 is prepared. In this embodiment, an opposing elec-

trode 5205 is fonmed on the opposing substrate 5054 by

patterning. The opposing electrode 5205 is fonmed of a

30 transparent conductive film. The material of the trans-

parent conductive film may contain a compound of Indi-

um oxide and tin oxide (the compound is called ITO) or

a compound of indium oxide and zinc oxide.

[0173] Although not shown in the drawing, a colorfilter

35 layer is formed when a color liquid crystal display device

is to be manufactured. A preferred structure in this case

is that adjacent colorfilter layers of different colors over-

lap with each other so as to double as a light-shielding

film for an area that serves as a TFT.

40 [0174] Thereafter, alignment films 5203 and 5204 are

formed on the active matrix substrate and the opposing

substrate, respectively, and rubbing treatment is given

to the alignment films.

[01 75] The active matrix substrate on which the pixel

45 portion and the driving circuit portion are fonmed is then

bonded to the opposing substrate using a sealing mem-

ber 5206. The sealing member 5206 has a filler mixed

therein, and the filler, together with a spacer, keeps the

distance unifonm between the two substrates when they

50 are bonded. A liquid crystal material 5207 is injected be-

tween the substrates, and then the substrates are com-

pletely sealed by an end sealing material (not shown).

The liquid crystal material 5207 may be a known liquid

crystal material. Thus completed is a reflective liquid

55 crystal display device shown in Fig. 1 9B.

[0176] In this embodiment, substrates other than the

glass substrate, including a plastic substrate, a stainless

steel substrate, and a single crystal wafer, may also be
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used.

[0177] Also, the present invention can readily be ap-

plied to a semi-transnnissive display device in which half

the pixels have reflective electrodes and the rest of the

pixels have transparent electrodes.

[0178] This embodinrient can be freely connbined with

Ennbodlments 1 through 8.

[Embodiment 11]

[0179] This embodiment gives a description with ref-

erence to Figs. 27A to 27C on an example of manufac-

turing a liquid crystal display device of the present in-

vention.

[01 80] Fig. 27A is a top view of a liquid crystal display

device with a liquid crystal sealed between a TFT sub-

strate and an opposing substrate. Fig. 27B is a sectional

view taken along the line A-A' in Fig. 27A. Fig. 27C is a

sectional view taken along the line B-B' in Fig, 27A.

[0181] A sealing member 4009 is provided so as to

surround a pixel portion 4002, a source signal line driv-

ing circuit 4003, and first and second gate signal line

driving circuits 4004a and 4004b, which are formed on

a TFT substrate 4001 . An opposing substrate 4008 Is

placed on the pixel portion 4002, the source signal line

driving circuit 4003, and the first and second gate signal

line driving circuits 4004a and 4004b. The space sur-

rounded by theTFT substrate 4001 , the sealing member

4009, and the opposing substrate 4008 is filled with a

liquid crystal 4210.

[0182] The pixel portion 4002, the source signal line

driving circuit 4003, and the first and second gate signal

line driving circuits 4004a and 4004b, which are fomned

on TFT substrate 4001, have a plurality of TFTs. Fig.

27B shows as representatives of those TFTs a driving

TFT4201 and a pixel TFT 4202. The driving TFT (shown

here are an n-channel TFT and a p-channel TFT) 4201

is fomned on a base film 401 0 and is included in the

source signal line driving circuit 4003. The pixel TFT (a

TFT for controlling the voltage applied to a pixel elec-

trode) 4202 is included in the pixel portion 4002.

[0183] In this embodiment, a p-channel TFT and an

n-channel TFT fomned by a known method are used for

the driving TFT 4201 , and a p-channel TFT formed by

a known method is used for the pixel TFT 4202. The

pixel portion 4002 is provided with a storage capacitor

(not shown) electrically connected to a gate electrode

of the pixel TFT 4202.

[0184] An interlayer insulating film (planarization film)

4301 is formed on the driving TFT 4201 and the pixel

TFT 4202. On the interlayer insulating film 4301 , a pixel

electrode 4203 electrically connected to a drain of the

pixel TFT 4202 is fornied.

[0185] An opposing electrode 4205 is fomned on the

opposing substrate 4008. Though not shown in Fig.

27B, a color filter and a polarizing plate are provided

suitably. A given voltage is applied to the opposing elec-

trode 4205.

[0186] In the manner described above, a liquidcrystal

cell composed of the pixel electrode 4203, the liquid

crystal 4210, and the opposing electrode 4205 is com-

pleted.

[0187] Reference symbol 4005a denotes lead-out

wiring lines, which connect the pixel portion 4002, the

source signal line driving circuit 4003, the first gate sig-

nal line driving circuit 4004a, and the second gate signal

line driving circuit 4004b to an external power supply. A
lead-out wiring line 4005a runs between the sealing

member 4009 and the TFT substrate 4001 to be electri-

cally connected to an FPC wiring line 4301 of an FPC

4006 through an anisotropic conductive film 4300.

[0188] The opposing substrate 4008 may be formed

of a glass material, a metal material (typically, a stain-

less steel material), a ceramic material, or a plastic ma-

terial (including a plastic film). Examples of the plastic

material usable include an FRP (fiberglass-reinforced

plastics) plate, a PVF (polyvinyl fluoride) film, a Mylar

film, a polyester film, and an acrylic resin film. A sheet

having an aluminum foil sandwiched between PVF films

or between Mylar films may also be used.

[0189] If the light from the pixel electrode travels to-

ward the cover member side, the cover member has to

be transparent. In this case, a transparent material such

as a glass plate, a plastic plate, a polyester film, or an

acrylic film is used.

[01 90] The pixel electrode 4203 and a conductive film

4203a are formed simultaneously. The conductive film

4203a is formed so as to contact the top face of the lead-

out wiring line 4005a as shown in Fig. 27C.

[01 91 ] The anisotropic conductive film 4300 contains

conductive fillers 4300a. The conductive fillers 4300a

electrically connect the conductive film 4203a on the

TFT substrate 4001 with the FPC wiring line 4301 on

the FPC 4006 by subjecting theTFT substrate 4001 and

the FPC 4006 to thermal press-fitting.

[01 92] This embodiment can be combined freely with

Embodiments 1 through 10.

[Embodiment 12]

[0193] The description given in this embodiment is of

an example in which a liquid crystal display device of

the present invention is embodied in a transmissive liq-

uid crystal display device.

[0194] The design rule is set to 1 jim rule, and the pixel

pitch is set to about 1 00 ppi. Then memory circuits, a D/

A converter and other components in a pixel can be

placed under a source signal line, thereby solving the

problem of low aperture ratio. This makes it possible to

apply the present invention to a transmissive liquid crys-

tal display device in addition to a reflective liquid crystal

display device.

[0195] Fig. 30 schematically shows atopview of a pix-

el in a transmissive liquid crystal display device struc-

tured as above.

[0196] Reference symbol 3301 denotes a pixel, 3302
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to 3304, memory circuits, 3305, a D/A converter, 3306,

a pixel electrode, and 3307, a source signal line. An op-

posing electrode, a color filter, a storage capacitor, and

some other components are omitted from the drawing.

The memory circuits 3302 to 3304 and the D/A converter 5

3305 are formed so as to overlap the source signal line

3307.

[0197] Though not shown, the memory circuits 3302

to 3304 and the D/A converter 3305 may be arranged

so as to overlap a gate signal line, Instead of placing

them under the source signal line 3307.

[Embodiment 13]

[0198] Static random access memories (SRAM) are

used for the memory circuits In the pixel portions of the

liquid crystal display devices according to Embodiments

1 through 12 of the present Invention. However, the

memory circuits are not limited to SRAM. Dynamic ran-

dom access memories (DRAM) can be given as other

memory circuits employable by a pixel portion in a liquid

crystal display device of the present invention.

[0199] Still another fomnat of memory circuits that can

be used to constitute a pixel portion in a liquid crystal

display device of the present invention is, though not

shown In the drawing, FeRAM (fen-oelectric random ac-

cess memory). FeRAM Is a non-volatile memory having

the same level of writing speed as SRAM and DRAM.

Characteristics of FeRAM, including low writing voltage,

can be utilized to further reduce power consumption of

the liquid crystal display device of the present invention.

Flash memories may also be used to constitute the

memory circuits of the present invention.

[0200] This embodiment can be combined freely with

Embodiments 1 through 12.

[Embodiment 14]

[0201] An active matrix type liquid crystal display de-

vice using a driving circuit which is formed along with

the present invention have various usage. In this em-

bodiment, the semiconductor device Implemented the

display device using a driving circuit which is fonmed

along with the present Invention.

[0202] The following can be given as examples of

such display device: a portable information terminal

(such as an electronic book, a mobile computer, or a

mobile telephone), a video camera; a digital camera; a

personal computer; a television and a projector device.

Examples of those electronic equipments are shown in

Figs. 15 and 16.

[0203] Fig. 1 5A is a portable telephone which includes

a main body 2601 , a voice output portion 2602, a voice

input portion 2603, a display portion 2604, operation

switches 2605, and an antenna 2606. The present in-

vention can be applied to the display portion 2604.

[0204] Fig. 15B illustrates a video camera which in-

cludes a main body 2611 , a display portion 261 2, an au-

dio input portion 2613, operation switches 2614, a bat-

tery 2615, an image receiving portion 2616, or the like.

The present invention can be applied to the display por-

tion 2612.

[0205] Fig. 15C illustrates a mobile computer or port-

able information terminal which Includes a main body

2621 , a camera section 2622, an image receiving sec-

tion 2623, operation switches 2624, a display portion

2625, or the like. The present invention can be applied

to the display portion 2625.

[0206] Fig. 15D illustrates a head mounted display

which includes a main body 2631 , a display portion 2632

and an amn portion 2633. The present Invention can be

applied to the display portion 2632.

[0207] Fig. 1 5E illustrates a television which includes

a main body 2641 , a speaker 2642, a display portion

2643, an input device 2644 and an amplifier device

2645. The present invention can be applied to the dis-

play portion 2643.

[0208] Fig. 15F illustrates a portable electronic book

which includes a main body 2651
,
display portion 2652,

a memory medium 2653, an operation switch 2654 and

an antenna 2655 and the portable electronic displays a

data recorded in mini disc (MD) and DVD (Digital Ver-

satile Disc) and a data recorded by an antenna. The

present invention can be applied to the display portions

2652.

[0209] Fig. 1 6A illustrates a personal computer which

includes a main body 2201 , an image input portion 2202,

a display portion 2203, a key board 2204, or the like.

The present invention can be applied to the display por-

tion 2203.

[0210] Fig. 168 illustrates a player using a recording

medium which records a program (hereinafter refen^ed

to as a recording medium) and includes a main body

221 1 , a display portion 221 2, a speaker section 221 3, a

recording medium 2214, and operation switches 2215.

This player uses DVD (digital versatile disc), CD, etc.

for the recording medium, and can be used for music

appreciation, film appreciation, games and Internet. The

present invention can be applied to the display portion

2212.

[0211] Fig. 16C illustrates a digital camera which in-

cludes a main body 2221 , a display portion 2222, a view

finder portion 2223, operation switches 2224, and an im-

age receiving section (not shown in the figure). The

present invention can be applied to the display portion

2222.

[0212] Fig. 16D illustrates a one-eyed head mounted

display which includes a main body 2231 and band por-

tion 2232. The present Invention can be applied to the

display portion 2231

.

[Embodiment 15]

[021 3] This embodiment describes the appearance of

a portable information terminal according to the present

invention. Shown in Fig. 31 is a portable infomriation ter-
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minal having the structure of the present invention. In

Fig. 31 , 2701 denotes a display panel and 2702 denotes

an operation panel. The display panel 2701 is connect-

ed to the operation panel 2702 at a connector unit 2703.

The plane on which a display unit 2704 of the display

panel 2701 is set and the plane on which operation keys

2706 of the operation panel 2702 are set to form an an-

gle e at the connector unit 2703. The angle 6 can be

changed arbitrarily

[0214] The portable information tenninal shown in

Fig. 31 has a function of telephone, and the display pan-

el 2701 is provided with an audio output unit 2705 so

that sounds are outputted from the audio output unit

2705. A liquid crystal display device of the present in-

vention is applied to the display unit 2704.

[0215] The aspect ratio of the display unit 2704 can

be set at discretion , for example, 1 6 : 9 or 4 : 3. A desir-

able size of the display unit 2704 is about 1 to 4.5 inches

in diagonal.

[0216] The operation panel 2702 is provided with a

power switch 2707 and an audio input unit 2708 in ad-

dition to the operation keys 2706. The power switch

2702 is provided separately from the operation keys

2706 in Fig. 31. However, the power switch 2707 may

be one of the operation keys 2706. Sounds are inputted

from the audio input unit 2708.

[0217] In Fig. 31, the display panel 2701 has the audio

output unit 2705 whereas the operation panel 2702 has

the audio input unit 2708. However, the present inven-

tion is not limited to this arrangement, and the display

panel 2701 may have the audio input unit 2708 whereas

the operation panel 2702 has the audio output unit 2705.

Instead, both of the audio output unit 2705 and the audio

input unit 2708 may be provided on the display panel

2701 , or the audio output unit 2705 and the audio input

unit 2708 may be provided together on the operation

panel 2702.

[0218] Fig. 32 shows a case in which an index finger

is used to operate the operation keys 2706 of the port-

able infomnation temninal shown in Fig. 31 . On the other

hand. Fig. 33 shows a case in which a thumb is used to

operate the operation keys 2706 of the portable infor-

mation tenninal shown in Fig. 31 . The operation keys

2706 may be provided on a side face of the operation

panel 2702. Operation of the terminal requires only the

index finger or the thumb of one (dominant) hand.

[Embodiment 16]

[0219] This embodiment describes with reference to

Figs. 28A to 29B electronic machines to which a porta-

ble infonnation device of the present invention is ap-

plied.

[0220] A personal computer can be given as an ex-

ample of the portable information device of the present

invention. Fig. 28A shows a personal computer, which

is composed of a main body 2801 , an image input unit

2802, a display unit 2803, a keyboard 2804, etc. Power

consumption of the personal computer can be reduced

by employing as the display unit 2803 a liquid crystal

display device in which each pixel has memory circuits.

[0221 ] A navigation system can be given as an exam-

5 pie of the portable information device of the present in-

vention. Fig. 28B shows a navigation system, which is

composed of a main body 2811 , a display unit 2812,

speaker units 2813, a storing medium 2814, operation

switches 2815, etc. Power consumption of the naviga-

10 tion system can be reduced by employing as the display

unit 2812 a liquid crystal display device in which each

pixel has memory circuits.

[0222] An electronic book can be given as an example

of the portable infonnation device of the present inven-

ts tion. Fig. 28C shows an electronic book, which Is com-

posed of amain body 2851
,
display units 2852, a storing

medium 2853, operation switches 2854, an antenna

2855, etc. The electronic book displays data stored in a

mini disk (MD) or a DVD (digital versatile disk) or a data

20 received through the antenna. Power consumption of

the electronic book can be reduced by employing as the

display unit 2852 a liquid crystal display device in which

each pixel has memory circuits.

[0223] A cellular phone can be given as an example

25 of the portable infonnation device of the present inven-

tion. Fig. 29A shows a cellular phone, which is com-

posed of a display panel 2901 , an operation panel 2902,

a connector unit 2903, a display unit 2904, an audio out-

put unit 2905, operation keys 2906, a power switch

30 2907, an audio input unit 2908, an antenna 2909, a CCD
light receiving unit 2910, an external input port 2911, etc.

Power consumption of the cellular phone can be re-

duced by employing as the display unit 2904 a liquid

crystal display device in which each pixel has memory

35 circuits.

[0224] A PDA can be given as an example of the port-

able information device of the present invention. Fig.

29B shows a PDA, which is composed of a display unit/

pen touch tablet 3004, operation keys 3006, a power

40 switch 3007, an external input port 3011, a stylus pen

3012, etc. Power consumption of the PDA can be re-

duced by employing as the display unit 3004 a liquid

crystal display device in which each pixel has memory

circuits.

45

[Embodiment 17]

[0225] This embodiment gives a description on a case

where a DAC controller (not shown) is used to convert

50 signals that are held in memory circuits of each pixel

and inputted to a D/A converter into corresponding an-

alog signals in a liquid crystal display device with its pix-

els structured the same way as Fig. 20. The description

will be given with reference to Fig. 37.

55 [0226] In this embodiment, the operation of convert-

ing signals held in the memory circuits of each pixel and

inputted to the D/A converter into corresponding analog

signals and outputting the analog signals from the D/A
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converter is called a memory circuit reading out opera-

tion.

[0227] In Fig. 37, the pixel has writing TFTs 1 08 to 1 1 0,

memory circuits 105 to 107, a source signal line 101,

writing gate signal lines 1 02 to 1 04, a D/A converter 400, 5

a liquid crystal element LC, and a storage capacitor Cs.

[0228] Each of the writing TFTs 108 to 110 has a

source region and a drain region one of which Is con-

nected to the source signal line 110 and the other of

which is connected to an input of its associated memory

circuit (1 08 is connected to 1 05, 1 09 Is connected to

1 06, and 1 1 0 is connected to 1 07). The writing TFT 1 08

has a gate electrode connected to the gate signal line

1 02, the TFT 1 09 has a gate electrode connected to the

line 1 03, and the TFT 1 1 0 has a gate electrode connect-

ed to the line 104. Outputs of the memory circuits 1 05

to 107 are connected to inputs Inl tolnS of the D/A con-

verter 400, respectively. An output OUT of the D/A con-

verter 400 Is connected to the liquid crystal element LC

and to one of electrodes of the storage capacitor Cs.

[0229] The D/A converter 400 is composed of NAND
circuits 441 to 443, inverters 444 to 446 and 461 , switch-

es 447a to 449a, switches 447b to 449b, a switch 460,

a capacitors CI to C3, a reset signal line 452, a low volt-

age side gray scale power supply line 453, a high volt-

age side gray scale power supply line 454, and an in-

temnediate voltage side gray scale power supply line

455.

[0230] The operations up through storing digital sig-

nals in the memory circuits 1 05 to 107 are the same as

the operations in Embodiment Mode and Embodiment

1 . The explanations of them are therefore omitted here.

[0231] Now, the operation of the D/A converter 400

will be described.

[0232] A signal RES is inputted to the reset signal line

452 to turn the switch 460 ON. The electric potential of

the capacitors C1 to CS on the side connected to OUT
temninats is fixed to an electric potential of the Inter-

mediate voltage side gray scale power supply line 455.

The electric potential of the high voltage side gray scale

power supply line 453 is set to an electric potential equal

to an electric potential Vl of the low voltage side gray

scale power supply line 453. If digital signals are input-

ted to Inl to In3 at this point, the signals are not written

in the capacitors CI to C3.

[0233] Thereafter, the signal RES of the reset signal

line 452 changes to turn the switch 460 OFF, thereby

freeing the electric potential of the capacitors CI to C3

on the OUT terminal side from the fixed electric poten-

tial. Then the electric potential of the high voltage side

gray scale power supply line 454 changes to an electric

potential that is different from the electric potential

Vl of the low voltage side gray scale power supply line

453, At this point, outputs of the NAND circuits 441 to

443 are changed in accordance with the signals inputted

to the terminals Inl to In3. The change in outputs of the

NAND circuits turns one of the switches 447a and 447b

ON, as well as one of the switches 448a and 448b and

one of the switches 449a and 449b. Then the electric

potential Vh of the high voltage side gray scale power

supply line or the electric potential Vl of the low voltage

side gray scale power supply line is applied to elec-

trodes of the capacitors CI to C3.

[0234] The capacitance of the capacitors C1 to C3 is

set in accordance with the bits. For instance, CI : C2 :

C3 is 1 : 2 : 4.

[0235] The voltage applied to the capacitors C1 to C3

changes the electric potential of the capacitors C1 to C3

on the OUT terminal side to alter the electric potential

of the outputs. In other words, analog signals corre-

sponding to the inputted digital signals of the Inl to InS

are outputted from the OUT tenminals.

[0236] The DAC controller controls the signal RES in-

putted to the reset signal line 452, the electric potential

of the high voltage side gray scale power supply line

454, and the like, thereby controlling analog signals out-

putted from the D/A converter 400 in accordance with

digital signals inputted.

[0237] Once digital signals are written in the memory

circuits of the pixel, the above operation is repeated us-

ing the DAC controller to repeatedly read out the digital

signals held in the memory circuits. A still image thus

can be displayed.

[0238] The source signal line driving circuit and the

gate signal line driving circuit can stop their operation

during displaying a still image.

[0239] Although Fig. 37 shows as an example a pixel

that has three memory circuits, the present invention is

not limited thereto. To generalize, this embodiment can

be applied to a liquid crystal display device in which each

pixel has n (n is a natural number equal to or greater

than 2) memory circuits.

[0240] The DAC controller to be used may be a circuit

of known structure.

[Embodiment 18]

[0241 ] This embodiment describes an example of the

structure of a pixel according to the present invention

with reference to Fig. 36.

[0242] In Fig. 36, components that are identical with

the components in Fig. 1 are denoted by the same ref-

erence symbols and explanations thereof will be omit-

ted,

[0243] In Fig. 36, outputs of memory circuits 105 to

107 are sent to reading out TFTs 121 to 123, respective-

ly, and then inputted to a D/A 111 . Gate electrodes of

the reading out TFTs 1 21 to 1 23 are connected to a read-

ing out gate signal line 124.

[0244] In the pixel structured as shown in Fig. 36, the

operation of writing signals in the memory circuits 105

to 107 is the same as Embodiment Mode and Embodi-

ment 1 . The explanation of the operation is therefore

omitted here.

[0245] If a still image is to be displayed, once digital

signals are stored in the memory circuits 1 05 to 1 07, the
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reading TFTs 1 21 to 1 23 are turned ON by inputting sig-

nals to the reading out gate signal line 1 24. This causes

the digital signals held in the memory circuits 1 05 to 1 07

to be inputted to the D/A 111 . In the case where each

pixel has reading out TFTs as in this embodiment, input- s

ting digital signals held in the memory circuits 1 05 to 1 07

to the D/A 111 is called herein memory circuit signal

reading operation.

[0246] The reading out TFTs 121 to 123 are turned

ON and OFF to repeat the reading operation, whereby io

a still image is displayed.

[0247] The reading operation is achieved by selecting

a reading out gate signal line. The reading out gate sig-

nal line 124 can be driven by a reading out gate signal

line driving circuit.

[0248] This reading out gate signal line driving circuit

can be any known gate signal line driving circuit

[0249] Although Fig. 36 shows as an example a pixel

that has three memory circuits, the present invention is

not limited thereto. To generalize, this embodiment can 20

be applied to a liquid crystal display device in which each

pixel has n (n Is a natural number equal to or greater

than 2) memory circuits.

[Embodiment 19] ^5

[0250] This embodiment describes the structure of a

pixel in a liquid crystal display device according to the

present invention with reference to Fig. 38.

[0251] In Fig. 38, components that are identical with 30

the components in Fig. 1 are denoted by the same ref-

erence symbols and explanations thereof will be omit-

ted.

[0252] Each pixel has memory circuits 141 a to 1 43a

and memory circuits 1 41 b to 1 43b. 35

[0253] A selecting switch 151 chooses a connection

of a writing TFT 108 to the memory circuit 141 a or to the

memory circuit 141 b. A selecting switch 1 52 chooses a

connection of a writing TFT 109 to the memory circuit

1 42a or to the memory circuit 1 42b. A selecting switch 40

153 chooses a connection of a writing TFT 110 to the

memory circuit 143a or to the memory circuit 143b.

[0254] A selecting switch 154 chooses a connection

of a D/A 1 1 1 to the memory circuit 1 41 a or to the memory

circuit 141b. A selecting switch 155 chooses a connec- -^^

tion of the D/A 111 to the memory circuit 142a or to the

memory circuit 142b. A selecting switch 1 56 chooses a

connection of the D/A 1 1 1 to the memory circuit 1 43a or

to the memory circuit 143b.

[0255] With the selecting switches 151 to 153 and the so

selecting switches 154 to 156, whether digital signals

are stored in the memory circuits 141 a to 143a or wheth-

er digital signals are stored in the memory circuits 1 41 b

to 143b can be detennined. Also the switches are used

to choose between inputting digital signals to the D/A ss

1 1 1 from the memory circuits 1 41 a to 1 43a and inputting

digital signals to the D/A 111 from the memory circuits

141b to 143b.

[0256] In each pixel, the operation of inputting digital

signals in the selected memory circuits and the opera-

tion of reading out the digital signals stored in the se-

lected memory circuits are the same as Embodiment

Mode and Embodiment 1 . The explanations of the op-

erations are therefore omitted here.

[0257] Each pixel uses the memory circuits 141a to

143a to store 3 bit digital signals con-esponding to one

frame period, and uses the memory circuits 141b to

143b to store 3 bit digital signals corresponding to an-

other frame period different from the above one frame

period.

[0258] The memory circuits shown in Fig. 38 store 3

bit digital signals corresponding to two frame periods,

but this embodiment is not limited thereto. To generalize,

this embodiment can be applied to a liquid crystal dis-

play device in which each pixel can store n (n is a natural

number equal to or greater than 2) bit digital signal cor-

responding to m (m is a natural number equal to or great-

er than 2) frames.

[0259] A plurality of memory circuits arranged in each

pixel are used to store digital signals, so that the digital

signals stored in the memory circuits can be repeatedly

used for every new frame during a still image is dis-

played. Thus a source signal line driving circuit can stop

its operation when a still image is to be displayed con-

tinuously. Accordingly, the invention can greatly contrib-

ute to overall power consumption reduction of a liquid

crystal display device.

[0260] A video signal processing circuit and other cir-

cuits for processing signals inputted to a liquid crystal

display device that is incorporated in a portable informa-

tion device can also stop their operation when a still im-

age is to be displayed continuously. Therefore the in-

vention is a great contribution to reduction in power con-

sumption of a portable information device.

Claims

1 . A liquid crystal display device comprising pixels,

wherein each of said pixels has a plurality of

memory circuits and a D/A converter.

2. A liquid crystal display device comprising pixels,

wherein each of said pixels has n (n is a nat-

ural number equal to or greater than 2) memory cir-

cuits and a D/A converter for converting digital sig-

nals stored in said n memory circuits into analog sig-

nals.

3. A liquid crystal display device comprising pixels,

each of said pixels having a liquid crystal element

to which analog signals are inputted,

wherein each of said pixels has n (n is a nat-

ural number equal to or greater than 2) memory cir-

cuits and a D/A converter for converting digital sig-

nals stored in said n memory circuits into said ana-
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log signals.

4. A liquid crystal display device comprising pixels,

wherein each of said pixels has n x m (n and

m are both natural numbers equal to or greater than 5

2) memory circuits and a D/A converter for convert-

ing n bit digital signals stored in said n x m memory

circuits into analog signals.

5. A liquid crystal display device comprising pixels,

wherein each of said pixels has n x m (n and

m are both natural numbers equal to or greater than

2) memory circuits and a D/A converter for convert-

ing n bit digital signals stored in said n x m memory

circuits into analog signals, and

wherein each of said pixels stores digital sig-

nals corresponding to m frames.

6. A liquid crystal display device according to any one

of claims 1-5,

wherein said memory circuits and said D/A convert-

er are an-anged so as to overlap a source signal line.

7. A liquid crystal display device according to any one

of claims 1-5,

wherein said memory circuits and said D/A convert-

er are arranged so as to overlap a gate signal line.

8. A liquid crystal display device comprising pixels,

each of said pixels comprising:

wherein each of said gate electrodes is con-

nected to one of said n gate signal lines, and each

of said n TFTs has a source region and a drain re-

gion, one of which is connected said source signal

line and the other of which is connected to an Input

terminal of one of said n memory circuits,

wherein an output terminal of each of said n

memory circuits is connected to an input tenninal of

said D/A converter, and

wherein an output tenninal of said D/A con-

verter is connected to said liquid crystal element.

9. A liquid crystal display device comprising pixels,

each of said pixels comprising:

a liquid crystal element; and

n (n is a natural number equal to or greater than

2) source signal lines, a gate signal line, n TFTs

having gate electrodes, n memory circuits, and

a D/A converter.

wherein each of said gate electrodes connect-

ed to said gate signal line, and each of said n TFTs

has a source region and a drain region one of which

is connected one of said n source signal lines and

the other of which is connected to an input terminal

of one of said n memory circuits,

wherein an output tenninal of each of said n

memory circuits is connected to an input temninal of

said D/A converter, and

wherein an output terminal of said D/A con-

verter is connected to said liquid crystal element.

10. A liquid crystal display device according to claim 8,

wherein said liquid crystal display device has

asource signal line driving circuit including shift reg-

isters, first latch circuits, second latch circuits, and

switches, and

wherein said first latch circuits hold n bit digital

signals upon receiving sampling pulses from said

shift registers until said n bit digital signals are trans-

ferred to said second latch circuits, said switches

select said n bit digital signals that have been trans-

ferred to said second latch circuits one bit at a time

to input said selected signals into said source signal

line.

1 1 . A liquid crystal display device according to claim 8,

wherein said liquid crystal display device has

asource signal line driving circuit including shift reg-

isters, first latch circuits, and second latch circuits,

and

wherein said first latch circuits hold 1 bit digital

signals upon receiving sampling pulses from said

shift registers until said 1 bit digital signals are trans-

ferred to said second latch circuits.

12. A liquid crystal display device according to claim 9,

wherein said liquid crystal display device has

a source signal line driving circuit including shift reg-

isters and first latch circuits, and

wherein said first latch circuits hold n bit digital

signals upon receiving sampling pulses from said

shift registers.

13. A liquid crystal display device according to claim 9,

wherein said liquid crystal display device has

a source signal line driving circuit including shift reg-

isters and first latch circuits and n switches, and

wherein said first latch circuits hold n bit digital

signals upon receiving sampling pulses from said

shift registers, said n switches input said n bit digital

signals stored in said first latch circuits to said n

source signal lines.

14. A liquid crystal display device according to any one

of claims 1-5, 8, and 9, wherein said memory cir-

cuits are selected from the group consisting of static

random access memories (SRAM), ferroelectric
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a source signal line, n (n is a natural number
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random access memories (FeRAM), and dynamic

random access memories (DRAM).

15. A liquid crystal display device according to any one

of claims 1-5, 8, and 9, wherein said memory cir-

cuits are formed over one selected from the group

consisting of a glass substrate, a plastic substrate,

a stainless steel substrate, and a single crystal wa-

fer.

16. A liquid crystal display device according to any one

of claims 1-5, 8, and 9, wherein said liquid crystal

display device Is incorporated In one selected from

the group consisting of a mobile telephone, a video

camera, a mobile computer, a head mount display,

a television set, a portable electronic book, a per-

sonal computer, and a digital camera.

17. A method of driving a liquid crystal display device

comprising a plurality of pixels arranged into a ma-

trix fomn,

wherein each of said plural pixels has a plu-

rality of memory circuits and a D/A converter, and

wherein data are rewritten in said plurality of

memory circuits of pixels in a specific row or pixels

in a specific column out of all said plurality of pixels.

18. A method of driving a liquid crystal display device

comprising a plurality of pixels and a source signal

line driving circuit for inputting video signals into

said plurality of pixels,

wherein each of said plurality of pixels has a

plurality of memory circuits and a D/A converter,

and

wherein an operation of said source signal

line driving circuit is stopped when a still image is

displayed.

19. A method according to claim 1 7 or 1 8, wherein said

memory circuits are selected from the group con-

sisting of static random access memories (SRAM),

ferroelectric random access memories (FeRAM),

and dynamic random access memories (DRAM).

comprising a liquid crystal display device and a

CPU, wherein:

said liquid crystal display device includes pix-

5 els, each having a plurality of memory circuits,

a D/A converter, and a driving circuit for output-

ting signals to said plurality of memory circuits;

said CPU includes a first circuit for controlling

said driving circuit and a second circuit for con-

10 trolling signals inputted to said portable infor-

mation device; and

an operation of said first circuit is stopped when

said liquid crystal display device displays a still

image.

15

23. A method of driving a portable information device

comprising a liquid crystal display device and a

VRAM, wherein:

20 said liquid crystal display device includes pix-

els, each having a plurality of memory circuits

and a D/A converter, and

an operation of reading data from said VRAM
is stopped when said liquid crystal display de-

25 vice displays a still image.

24. A method of driving a portable infonnation device

comprising a liquid crystal display device, wherein:

30 said liquid crystal display device includes pix-

els, each having a plurality of memory circuits

and a D/A converter, and

an operation of a source signal line driving cir-

cuit of said liquid crystal display device is

35 stopped when said liquid crystal display device

displays a still image.

25. A method according to any one of claims 22-24,

wherein data in said plurality of memory circuits are

40 read out once in one frame period.

26. A method of driving a portable Infonnation device

comprising a liquid crystal display device, wherein:

20. A method according to claim 1 7 or 1 8, wherein said

memory circuits are formed over one selected from

the group consisting of a glass substrate, a plastic

substrate, a stainless steel substrate, and a single

crystal wafer.

21 . A method according to claim 1 7 or 1 8, wherein said

liquid crystal display device is incorporated in one

selected from the group consisting of a mobile tel-

ephone, a video camera, a mobile computer, ahead

mount display, a television set, a portable electronic

book, a personal computer, and a digital camera,

22. A method of driving a portable information device

45 said liquid crystal display device has a plurality

of pixels an-anged into a matrix form;

each of said plurality of pixels has a plurality of

memory circuits and a D/A converter; and

said liquid crystal display device rewrites data

50 in said plurality of memory circuits of pixels in

a specific row or pixels in a specific column out

of all said plurality of pixels.

27. A method according to any one of claims 22-24, and

55 26, wherein said memory circuits are selected from

the group consisting of static random access mem-

ories (SRAM), fen-oelectric random access memo-

ries (FeRAM), and dynamic random access mem-

22
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ories (DRAM).

28. A method according to any one of claims 22-24, and

26, wherein said memory circuits are formed over

one selected from the group consisting of a glass 5

substrate, a plastic substrate, a stainless steel sub-

strate, and a single crystal wafer.

29. A method according to any one of claims 22-24, and

26, wherein said portable information device is one

selected from the group consisting of a cellular

phone, a personal computer, a navigation system,

a personal digital assistants, and an electronic

book.
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